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Abstract 
Per- and poly fluorinated compounds (PFCs) is a large group of chemicals with a strong variation 
in chemical composition. They have previously been used in extensive amounts which has caused 
wide spreading in the environment. Studies have shown that these compounds tend to accumulate 
in biota and can contribute to several health issues. The present study has been performed to 
increase the understanding of the sorption and leaching behaviour of PFCs accumulated in a peat 
bog as a result of fire fighting activities. 
 
A fire training field at Evenes Airport has been investigated to study PFC presence at the training 
field and transport to its run-off area. Water, soil and undisturbed soil column samples were 
collected at the field site. After homogenization the soil and water samples were analyzed to find 
the distribution of different PFCs within the peat bog following the direction of water drainage. 
Batch experiments were carried out to estimate distribution coefficients and establish the 
compounds sorption and mobility. Both field and experimental distribution coefficients were 
compared.  
 
The leaching behaviour of selected PFCs were studied through column experiments. The study 
focussed on the influence of the length of the compounds carbon chain on their leaching 
behaviour. The size of the peat bog basin receiving contaminants from the fire training area was 
estimated, in addition to the amount of PFOS present to evaluated its potential as reservoir for 
future contaminant transport. Rainwater was assumed to be the main contributor to run-off from 
this area. Using PFOS concentrations in water sampled at the assumed outlet of the peat bog and 
the annual leaching intensity allowed to estimate the number of years before all PFOS will have 
been washed out.  
 
The main finding of this study is that PFOS is the most hazardous compound in the area of 
interest at Evenes Airport due to its high concentration in the peat bog and showing strongest 
sorption. It is the compound with highest relative concentration in all the batch experiments, even 
though the relative concentrations of shorter PFCs increase as the distance between sampled soil 
and contamination source increase. This indicates that shorter PFCs are more mobile and will 
elute faster. This study does not give clear indications of higher sorption with increasing of the 
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carbon chain length. The peat soils are very organic rich and show much higher Kd values than 
the mineral soils (e.g. sand, silt, clay, lake sediment). Seeing as the Koc values follow the same 
trend, the high distribution coefficient values for peat are not caused by the organic content level, 
rather the availability of sorption sites. The experimental distribution coefficients are generally 
higher than the ones from the field samples. This suggest that the experiments might give an 
underestimation of the contamination problem by indicating stronger sorption than observed in 
the field. 
 
The peat bog is considered to be a reservoir for PFC and will store contaminants for several 
years. The long-term leaching potential of this basin is estimated to be 68 years if leaching 
continues at the present level without remediation. Based on the results, pH near neutral does not 
affect the sorption of the selected PFCs. A linear relationship between pH/EC and concentrations 
of PFCs is caused by dilution of the leachate water with rainwater from the surrounding area.  
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1 Introduction 
1.1 Per- and polyfluorinated compounds  
Production and emission 
Perfluorinated compound (PFC) represent a large group of chemicals possessing exceptional 
surface properties  (Skutlarek, et al., 2006). Examples of fully fluorinated organic chemicals 
with a carboxylic or a sulfonic head group are PFAA (perfluoroalkyl acid) such as 
perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS). The bond between carbon 
atom and fluorine atom is very strong, causing the compound to become highly resistant to heat 
and chemical or microbial attack. They have been manufactured since 1947 (Prevedouros, et al., 
2006), but it was in the 1960s and 1970s that the chemicals got produced in large volumes due to 
the use in aqueous film-forming foams (AFFF)  (KLIF, 2010). Currently, the global production is 
reported to be in the order at thousands of tons per year  (Ahrens, et al., 2009). The two 
molecules produced in highest quantities were PFOA and POSF (used to make PFOS amongst 
other chemicals). Around 2000, the manufacturing of these PFCs peaked with an estimated 
global emissions of POSF and PFOA at 4500 tonnes/year and 300 tonnes/year, respectively. In 
2005, POSF emissions were estimated to still be approximately 1000 tonnes/year, mainly because 
Asia maintained its productions (KLIF, 2010). 
 
 The American company 3M was one of the major producers of PFCs and was a most important 
AFFF concentrate supplier until 2003. 3M Co. stopped the manufacturing of perfluorooctane 
sulfonate (PFOS) and the assumption that AFFF produced after the 1
st
 of January 2003 does not 
contain PFOS-related products can be made (KLIF, 2012). This decision was based on internally 
collected data of PFOS levels in blood bank samples obtained from the US, Japan, China and 
Europe (Moody & Field, 2000;  Eschauzier, et al., 2013). Today, several restricting regulations 
concerning the use of PFOS, PFOS-related products and PFOA exist. Since 2008, PFOS was 
banned in most application areas in the EU (Gellrich, et al., 2012). 
 
Chemical properties 
Fluorinated compounds consists of a hydro- and oleophobic carbon-chain  and a hydrophilic 
sulfonate or carboxylate functional group causing a characteristic surfactant behaviour and makes 
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opportunities to adsorb at a variety of solid-water interfaces possible  (He, et al., 2013). There are 
two ways to classify PFCs; 1) perfluorinated, where all the hydrogen atoms on the carbon chain 
have been substituted by fluorine atoms, and 2) partially or poly fluorinated, in which some 
hydrogen atoms remain  (Moody & Field, 2000). Both of these classes, especially the fully 
fluorinated compounds, hold exceptional chemical stability because of the C/F bonds. This 
results in the compounds being extremely persistent in the environment (Eschauzier, et al., 2013). 
The fluorine atom's unique properties cause these compounds to be able to reduce the surface 
tension energy much more than surfactants with hydrocarbon or silicone bindings (Peng & Hung, 
2011). 
 
Application areas 
In general, people may not be familiar with the different application areas of fluorinated 
surfactants even though these come into use in everyday life (Peng & Hung, 2011). Because of 
the special surface properties, the chemicals have numerous application areas. PFCs are, for 
instance, used in fire-fighting foams (AFFF), polymer production, cosmetics and cleaning agents, 
and also in treating the surface of carpets, textiles, leather and paper, as well as in several other 
industrial and consumer applications (Gellrich, et al., 2012). Concentrations of PFCAs 
(Perfluorinated carboxylic acid) used in industrial formulation are typically between 100-5000 
ppm. From 1960 to 2000 the annual use of PFCAs in products (industrial and consumer) is 
estimated between 1-6 tonnes (Prevedouros, et al., 2006). In Norway, a survey performed by the 
Norwegian Pollution Authority (2012) showed that fire-fighting foam (AFFF) makes up the 
largest application area. The estimated amounts of stockpiles and historical emissions from AFFF 
in Norway are shown in Table 1. 
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Table 1 Information received on stockpiles and historical emissions from PFOS-based fire-
fighting foams. n.e. = no estimate (not quantifiable because information was incomplete)  
(KLIF, 2012). 
User category  Stockpiles of PFOS-
based foam, litres  
Quantity PFOS-related 
substances in 
stockpiles, kg  
Historical emissions of 
PFOS-related 
substances, kg  
Offshore installations  1 025 000  15 600  54 000  
Mobile rigs  12 500  330  500  
Ships and ferries  23 000  300  100  
Refineries and onshore 
gas terminals  
221 800  2 260  2 300  
Petrochemical and 
other relevant industry  
31 000  530  < 100  
Tank farms  24 000  400  160  
Airports  2 000  34  n.e.  
Armed forces  90 000  1 500  n.e.  
Fire-fighting training 
sites  
0  0  n.e.  
Fire and rescue 
brigades  
1 000  13  n.e.  
Total  1 430 300  20 967  min. 57 160  
 
Environmental release, spread and toxicity 
Due to the wide-spread use of PFCs, they have been released into the environment in large 
volumes. The release of PFCs is either due to spreading from a direct source, such as the 
manufacturing of the chemicals and the use of PFC-containing products, or because of indirect 
sources such as reaction impurities or degradation of precursors. Nearly 80% of the 
environmental release of perfluorinated carboxylic acids is a results of from direct release as they 
are being manufactured and used. PFCs can be found world-wide in concentrations, ranging from 
pg/kg levels to µg/kg levels (Zareitalabad, et al., 2013). PFC discharge at point sources results 
often in massive volumes of PFCs being released. Also, it has been shown that large amounts of 
PFCs can accumulate in sewage sludge at waste water treatment plants as well. The sludge may 
then be used as fertilizer and the PFCs are spread across agricultural fields. PFCs have been 
shown to be leaching from soil to surface- and groundwater, in significant amounts, which can be 
a concern for the production of drinking water. The concentration range of PFOS and PFOA in 
surface water, sediments, wastewater treatment plant (WWTP) effluent and sewage sludge is 
shown in Figure 1. PFCs can migrate from soil to plants and it is therefore important to 
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understand PFCs' behaviour in soil to understand the impact on field crops and the food chain. 
The main sources of PFCs to enter the human body are considered to be through food and 
drinking water (Gellrich & Knepper, 2012). Detection of PFCs in wildlife and humans globally 
has increased the scientific and regulatory interest  (Prevedouros, et al., 2006). The consequences 
for ecological and biological environments are just beginning to be understood.  Several studies 
indicate that PFCs are toxic, but the long-term effects have not yet been completely discovered 
(Hansen, et al., 2010). It has been reported that short chain PFCs (less than seven carbon atoms) 
are not as toxic as long chain PFCs. The short chain PFCs are also more mobile in the 
environment and the potential of bioaccumulation is lower (Gellrich, et al., 2012). Seing as the 
global concentrations of longer chain PFCs are rather high, natural attenuation may be an 
alternative. Natural attenuation is a passive remediation where the natural contamination 
reduction (e.g. water transport)  is monitored. This approach is nonintrusive and cost-effective  
(Wiedemeier, et al., 1999).  
 
 
Figure 1 Concentrations of PFOA and PFOS in surface water, surface water sediments, 
wastewater treatment plant effluent, and sewage sludge. WWTP, wastewater treatment 
plant  (Zareitalabad, et al., 2013). 
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PFCs in AFFF 
The development of aqueous film forming foams (AFFF) started in the 1960s to be able to safely 
extinguish fires in two main areas: 1) fires of flammable liquid fuels that are not soluble in water, 
such as gasoline/petrol, oil and other hydrocarbons and 2) fires where liquids are flammable and 
water soluble, such as alcohols and acetone (KLIF, 2012). The military, fire departments and oil 
refineries are heavy users of AFFF due to flammable liquids being present in huge quantities  
(Moody & Field, 2000). Other facilities and installations that have been using or storing AFFF 
are airports, offshore installations, certain industrial plants and tank farms  (KLIF, 2012). Regular 
fire-fighting training sessions have resulted in direct release of AFFF compounds, in large 
amounts, to soils and water. This has resulted in widespread contamination due to transportation 
by air and water  (Prevedouros, et al., 2006). Table 2 displays the chemical composition of on 
AFFF. The formulations of AFFF are complex mixtures where a solvent (often a glycol ether), 
fluorocarbon surfactant (PFC) and hydrocarbon-based surfactants are the major components  
(Moody & Field, 2000). 
 
Table 2 Chemical Composition of FC-203CF Light Water Aqueous Film Forming Foam 
Concentrate (Moody & Field, 2000). 
 
Chemical name Percent of total composition 
water  69.0-71.0 
diethylene glycol butyl ether (butyl carbitol) 20 
amphoteric fluoroalkylamide derivative  1-5 
alkyl sulfate salts  1.0-5.0 
perfluoroalkyl sulfonate salts  0.5-1.5 
triethanolamine  0.5-1.5 
tolyltriazole (corrosion inhibitor) 0.05 
 
In Norway, the largest point sources of AFFF products are probably fire-fighting training sites at 
airports and oil facilities. Several PFCs are found on contaminated soil at these training sites, but 
the most abundant compound is usually PFOS (KLIF, 2010). 
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1.2 Objectives  
High PFOS concentrations can still be found worldwide in all the environmental compartments, 
even though the use of this chemical has been banned in the EU since 2008 in most types of 
applications (Gellrich, et al., 2011). The PFCs are highly persistent in the environment and 
actions towards reducing environmental risk may be necessary. The key question is whether 
active remediation is required once the compounds are no longer in use. Alternatively, natural 
attenuation might achieve the same result in the long-term. More data about the sorption and 
leaching behaviour of PFCs are needed to answer these questions properly. The main objectives 
to this thesis are to: 1) studying how the sorption of selected PFCs is influenced by their chemical 
structure and environment condition, such as pH, soil type, TOC and presence of inorganic 
elements. 2) establishing the distribution coefficients both under field and lab conditions. 3) 
obtaining a better understanding of the leaching behaviour of selected PFCs from undisturbed 
contaminated soils to be able to consider the long-term source to the aquatic environment. 
 
2 Background 
2.1 Chemical composition and structure  
As mentioned, per- and polyfluorinated compounds (PFCs) are a large group of anthropogenic 
chemicals with varying chemical composition and structure (Gellrich, et al., 2012). Because of 
their hydrophobic and oleophobic alkyl chain (in which all hydrogen atoms are replaced by 
fluorine atoms) and their hydrophilic charged heads (organic functional group), the PFCs behave 
like surfactants in the environment (KLIF, 2010; Peng & Hung, 2012; Eschauzier, et al., 2013). 
The hydrophilic component in the structure is functionalized for selective applications and 
characterized as anionic, cationic, amphoteric (Having both basic and acidic characteristics) or 
non-ionic  (HMC, 2009; Peng & Hung, 2012). Fluorinated surfactants have a much greater ability 
to reduce surface tension energy than hydrocarbon or silicone surfactants (Peng & Hung, 2012). 
The surface tension of water can be reduced to 15-20mN/m with PFCs against 30-40mN/m with 
hydrocarbon surfactants (Pabon & Corpart, 2002). Due to high electron density and 
electronegativity of fluorine atoms the polarizability is also reduced. This will cause the 
surfactants to become less susceptible to London dispersion forces that are the foundation of 
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lipophilicity  (Peng & Hung, 2012). 
 
The general chemical formula for PFC is F(CF2)xR, where R represents the hydrophobic and 
oleophobic part. Perfluoroalkyl compounds and fluorotelomer (FT) compounds are two important 
subsets of PFCs. In the head group of perfluoroalkyl compounds no C-H bonds are present and in 
the FT compounds the tail (R-group) consists of an even-numbered alkyl-chain, see Figure 2 
(KLIF, 2010) . 
 
 
Figure 2 The general formulas of the different perfluoroalkyl and fluorotelomer 
compounds where X represents the hydrophilic sulfonate functional group and R 
represents the hydrophobic C-F chain with varying lengths (KLIF, 2010). 
 
In the industry, perfluorosulfonic acid (PFSA) and perfluorocarboxylic acid (PFCA) are two 
perfluorinated groups that are mostly utilized and their chemical compositions are shown in 
Figure 3. Perfluorooctanesulfonic acid (PFOS) and perfluorooctanoic acid (PFOA) are 
compounds belonging in each of the two groups, respectively. PFOS and PFOA are the most 
abundant of all PFCs in the environment (KLIF, 2010). 
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Figure 3 The chemical structure of perfluorosulfonic acid (PFSA) and perfluorocarboxylic 
acid (PFCA) which are two of the groups used most frequent. PFOS and PFOA, the most 
abundant PFCs in the environment, belongs to the PFSA and the PFCA groups, 
respectively (KLIF, 2010). 
 
Fluoroteleomer sulphonates (FTS) are one group of compounds within the fluorotelomers. 
Because of their fabrication through the telomerisation process, they consist of linear and even-
numbered carbon chains. If the environment is aerobic and sulphur-limiting, the compound 6:2 
FTS is vulnerable to biodegradation and is now replacing PFOS in fire-fighting foams  (KLIF, 
2008). 
 
It is suspected that two substances, fluorooctanesulphonamides (FOSA) and 
fluorooctanesulphonamideoethanols (FOSE), are a potential source of PFOS through degradation 
in the environment. N-EtFOSE has been proven to be degraded during  18-35 days and one of the 
products was PFOA  (KLIF, 2008). Table 3 displays an overview of the most important PFCs 
with their chemical structure. 
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Table 3 Acronym, compound name and the chemical structure of the most important PFCs 
(Nordskog, 2013). 
Acronym Compound name Chemical structure 
6:2 FTS 6:2 Fluorotelomer 
sulfonate 
 
8:2 FTS 8:2 Fluorotelomer 
sulfonate 
 
8:2 FTOH 8:2 Fluorotelomer 
alcohol 
 
PFBS Perfluorobutane 
sulfonate 
 
PFBA 
 
Perfluorobutanoic 
acid 
 
PFPeA Perfluoropentanoic 
acid 
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PFHxS 
 
 
Perfluorohexane 
sulfonate 
 
PFHxA Perfluorohexanoic 
acid 
 
PFHpA Perfluoroheptanoic 
acid 
 
PFOA 
 
Perfluorooctanoic 
acid 
 
PFOS Perfluorooctane 
sulfonate 
 
PFNA Perfluorononanoic 
acid 
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PFDA Perfluorodecanoic 
acid 
 
N-Me- 
FOSA 
N-Methyl-
heptadecafluorooctane 
sulphonamide 
 
N-Me- 
FOSE 
N-Methyl-
heptadecafluorooctane 
sulphonamidoethanol 
 
 
2.2 Production and use  
The two principal processes of manufacturing fluorinated compounds are electrochemical 
fluorination (ECF) and telomerization. Electrochemical fluorination is a technique where the 
targeted substance gets dissolved in hydrofluoric acid and pierced by an electric current. This 
causes all the hydrogen molecules to be replaced by fluorine, the result is perfluorinated 
molecules. This technique is economically attractive because of electricity and the hydrogen 
fluoride reagent being relatively inexpensive. Some negative sides to electrochemical fluorination 
are many side products and low to moderate yields of the perfluorinated surfactants. The 
electrochemical fluorination generates compounds with homologous series of even and odd 
numbered perfluorocarbons (Moody & Field, 2000). The electrochemical fluorination technique 
has been utilized in the production of perfluorinated compounds bearing different functional 
groups for nearly 60 years  (Conte & Gambarreto, 2003). In the telomerization process, a 
molecule called telogen reacts with two or more unsaturated molecules called taxogens (Moody 
& Field, 2000). The technique was developed by Haszeldine in 1949. With this process the 
product only contains even-numbered carbon chains that are linear, whereas ECF produces a 
mixture of linear and branched compounds. However, linear substances generally have higher  
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soil sorption than branched substances  (KLIF, 2008;  Kärrman, et al., 2011). 
 
Perfluorocarboxylates (PFCA) has been manufactured, as a salt, through four different methods: 
electrochemical fluorination (ECF), fluorotelomer iodide oxidation, fluorotelomer olefin 
oxidation and fluorotelomer iodide carboxylation  (Prevedouros, et al., 2006). PFCAs are clearly 
a group of chemicals produced in the largest amount and the two individually molecules most 
abundantly produced are PFOA and POSF (F[CF2]8S[O3]F). POSF was converted to PFOS by 
cleaving the -S(O3)F group. Other chemicals manufactured in substantial amount are PFSs 
(perfluorosulfonyl fluorides) and PFSAs which consist of different chain lengths. Approaching 
the year 2000 the manufacturing of these compounds peaked, when the company 3M announced 
that products containing POSF were being phased out. The estimated global POSF emissions and 
PFOA based products are respectively, 4500 tonnes per year and 300 tonnes per year at the peak 
(see Figure 4) . After the phasing out of POSF, the levels of manufacturing fell and in 2005 
emissions were estimated to approximately 1000 tonnes per year. Ongoing production in Asia 
was the main reason for production levels still being relatively high. Butyl PFCA and PFSA are 
thought to be less toxic than other long-chained PFCs causing the production to increase in 
western countries  (KLIF, 2010). 
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Figure 4 Amount of POSF, PFOA, PFON and Fluorotelomer production (tonnes per year) 
over 30 years,  from 1977 through 2007 (after KLIF, 2010).  
 
Due to their unique properties, PFCs have been and are still used in a variety of products. The 
products include fire-fighting applications, herbicide and insecticide formulations, paints, 
polishes, greases and lubricants, cosmetics and adhesives  (Moody & Field, 2000). Long-chained 
PFCs, such as PFOS, are very persistent and may bioaccumulate and proven to be quite toxic. 
Several regulations have been made against the use of PFOS, PFOS -related products and PFOA 
due to the toxicological risk they pose on humans and natural ecosystems. Even though no 
alternatives have been found , the use of PFOS has been excluded in most application areas in the 
EU in 2008. Perfluorobutane sulfonate (C4 analogues) and C6 telomer products are replacing 
PFOS and PFOA in many application areas  (Gellrich, et al., 2012). 
 
The interest for Perfluoroalkyl acids (PFAAs) in the environment are increasing due to the 
toxicological and bio accumulative risk they pose and also the widespread distribution in the 
environment. Some of the different application areas for PFAAs are non-stick coatings, stain-
repellents, paper packaging and aqueous film-forming foam (AFFF). The repeated use of AFFF 
in some areas, particularly fire-fighting training areas, has caused the soils to become 
contaminated by PFCs and leaching leads to PFCs being present in the groundwater  (Guelfo & 
Higgins, 2013). 
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Perfluorinated compounds between C5-C18, which includes most PFCs, have been listed as high-
production-volume (HPV) chemicals by the Organization for Economic Cooperation and 
Development (OECD). Chemicals recognized as HPV chemicals are those being manufactured in 
or imported to the U.S. in amounts exceeding 1 million pounds. Around 2000, the American 
company 3M announced that the perfluorooctane sulfonate (PFOS) production would stop. 3M 
also stopped producing perfluorooctanoic acid (PFOA), but noted that some PFOS production 
might continue due to the use in fire-fighting foams (KLIF, 2012; Moody & Field, 2000). 
 
2.3 Transport and sorption  
To enhance the understanding of PFCs behaviour and fate in the environment the subject has 
been studied intensely. It has been estimated that the total emissions of PFCAs at a global 
historical industry-wide scale are 3200-7300 tonnes. Direct sources (manufacturing, use, 
consumer products) are more important than indirect sources (PFCA impurities and/or 
precursors) regarding the emissions of PFCAs into the environment (Buck & Korzeniowski, 
2006). Figure 5 shows the different transportation pathways for PFCs. Anthropogenic activity, 
such as household, fire-fighting training and industry, are the emission sources into the 
environment. After being emitted they will pollute soil, air, surface water and waste water 
treatment plants, and further be transported to groundwater (one major source to drinking water). 
In 2001 PFC was discovered in high concentrations in arctic mammals, such as polar bears, by 
Giesy and Kannan (2001). This indicates that PFC has contaminated the marine food chain 
through ocean current. Modelling suggest that the oceanic pathway is much more important than 
the atmospheric with regard to the transportation of PFCs. The estimated annual oceanic 
transportation of perfluorooctanoate (PFOA) to the Arctic was estimated to be 2-12 tonnes (Buck 
& Korzeniowski, 2006). 
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Figure 5 Different emission and transportation pathways of PFCs in the environment  
(after Gellrich & Knepper, 2012). 
 
It has been proven that PFC can leach from soil to ground- and surfacewater in substantial 
amounts which is a concern for the production of drinking water. PFCs dissolve in water, but 
they will also be sorbed onto solids such as soil and sediments, and might accumulate in plants 
and animals  (Gellrich & Knepper, 2012). Throughout the environment PFC has been identified 
as increasing in concentration, both in biota and in water bodies, in recent years. In Norwegian 
surface water the background PFOS levels are 0.1-0.7 ng/l and in untreated leachate from waste 
disposal sites, the level is 4-67 ng/l (Hansen, et al., 2010). 
 
In groundwater, no PFCs with a carbon chains longer than ten were found to be present, in a 
review by Rayne and Forest (2009). All other aquatic matrices, such as  lake, river and waste 
water, contained PFCs with chains up to 12 carbons long. The partitioning behaviour was highly 
influenced by the carbon chain length and functional group. The sorption of PFC increases with 
 23 
 
increasing organic matter and decreasing pH (Gellrich & Knepper, 2012).  
 
The leaching of PFOS is considerably slower than for PFOA indicating that PFOS will sorb to 
soils much stronger. In many ground water the concentration of PFOA is more than five times 
higher than for PFOS which agrees with PFOA having a higher mobility. In column experiments, 
performed by Gellrich et al. (2012), aqueous PFC solutions or contaminated sewage sludge were 
used to spike loamy sand saturated with water. The mobility of the different PFCs was assessed 
by analyzing the seepage water filtering through the columns. The breakthrough curves for the 
different PFCs are shown in Figure 6. The numbers on the curves indicate the carbon chain 
length of the PFCs. PFCs with chain lengths of eight or more carbons could not be detected in the 
filtered water after two years, whereas the short chain PFCs eluted without retention (Gellrich & 
Knepper, 2012). 
 
 
Figure 6 A mixture of  14 PFC used to spike columns give these breakthrough curves 
(Gellrich, et al., 2012). 
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2.4 Human exposure and toxicity 
Several PFCs are being exposed to Humans and diverse wildlife. As mentioned earlier, PFOA 
and PFOS are the two compounds of highest concentration in the environment. Until recent most 
toxicological studies have been on PFOS and PFOA, but they have now been  expanded to 
include all PFCs. PFCs are not stored in body fat as most persistent chemicals (KLIF, 2010). 
Ingestion of food and water, use of commercial products or inhalation from long-range air 
transport are the potential pathways causing widespread exposure. One of the primary sources of 
PFOS appears to be fish and fishery products, based on limited information  (EPA, 2012; KLIF, 
2010). PFCs seem to be poorly eliminated due to limited metabolization and a tendency to 
accumulate in the liver, kidney and blood serum. The explanation is likely because they bind to 
certain proteins, such as β-lipoproteins, albumin and liver fatty acid binding proteins and due to 
accumulation in lipids (body fat)  (KLIF, 2010). Similar to other persistent chemicals, PFCs have 
a long half-life time of approximately four years in the human body  (NIEHS, 2012; EPA, 2012). 
Previously mentioned, 3M had announced that the production of PFOS would stop due to 
findings of part-per-billion levels of PFOS in blood samples obtained from blood banks in the 
US, Japan, Europe and China  (Moody & Field, 2000) and today PFOS is no longer being 
manufactured by 3M  (NIEHS, 2012). 
 
PFCs have been identified as peroxisome proliferators, which can cause a variety of toxicological 
damage to the liver, for instance carcinomas. By inhibiting intercellular communication, PFOS 
and PFOA have been found to inhibit cell growth. This can lead to cancer growth. Furthermore, 
PFOS and PFOA have been identified as endocrine disrupters in Human, giving them the ability 
to compete with thyroxin to the human thyroid hormone transport protein transthyretin  (KLIF, 
2010). A relation between PFOS exposure and bladder cancer has been revealed during 
epidemiologic studies, however, additional research is needed  (EPA, 2012). 
 
In Norway, PFOS has been classified as a compound that increase the danger for development of 
cancer, may cause damage to foetus and is dangerous in contact to the skin or inhaling. It has also 
been classified as poisonous, meaning it can cause severe damage to health by long-term 
influence, in terms of ingestion. Example of this type of influence is children fed with breast milk 
containing PFOS. It is also poisonous to organisms living in water and can affect water 
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environments negatively at long term exposure. In the EU it has been suggested to also classify 
PFOA as dangerous and posing danger of cancer development  (KLIF, 2010). 
 
Generally, evidence and studies so far indicate that longer chain PFOA and PFAS pose a much 
higher toxic threat than shorter carbon chain PFCA and PFAS. This has resulted in short chained 
molecules being favoured and caused a recent shift in the industrial production  (KLIF, 2010). 
 
2.5 Soil types 
There are several types of soil with different characteristics. The classification of them is based 
on their particle or grain size. Much of the Earth's surface is covered by a thin soil layer where 
plants and trees have their roots. Therefore, the soil is necessary for them to survive. Decaying 
plant and animal matter, as well as weathered rock, are the main components in soil and it will 
take thousands of years for soils to form  (Ecoflow, 2014). 
 
The different types of soil are sandy soil, silty soil, clay soil, loamy soil, peaty soil and chalky 
soil. Sandy soil consists of the largest grain size causing it to also have quite high permeability. 
Erosion and weathering of rocks, such as quartz, granite, limestone and shale, make up the sandy 
soil. Silty soils got smaller grain size and is made up by organic particles, quarts and other 
mineral. This soil is more nutritious and has a lower permeability than sandy soil. Clay soil 
consists of clay minerals and is very fine grained. The pore volume is very low in this soil, 
causing the permeability to be very low as well. Loamy soil is a combination of sandy, silty and 
clay soil. The variety of loamy soils is high, ranging from fertile to very muddy and thick. Peat is 
a soil made up by dead and decayed organic matter and it is therefore very organic rich. This soil 
type is formed in wet climate and is generally found in marshy areas. The permeability of this 
soil is quite low and can almost correspond to non-permeable. Chalky soil is, unlike peat, very 
alkaline and is made up by a large number of stones. This type of soil is often thin layered, free-
draining and contains larger stones (Ecoflow, 2014.; Royal Horticultural Society, 2011).  
 
PFCs in peat bog 
Different environments with different soil and sediment types will not have the same affect on 
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PFCs in terms of sorption and fate. Peat bog is a very organic rich environment where 99 % 
consists of organic matter. This kind of environment will increase the sorption of organic 
contaminants, such as PFCs, and may also reduce their ability to be extracted. Long-chained 
PFCs are expected to be rather immobile when soil has a high organic carbon content. Peat bog 
also lack strong turnover by fauna, where oxygen rich and nutritious top soil change place with 
underlying nutriant and oxygen poor soil by living organism, (typically found in other soils and 
sediments) which causes the conditions to become anaeorobic and acidic. Such conditions result 
in a decrease of microbiological degradation. The sorption may become even more enhanced due 
to the low pH due to the increase of as the pH decreases  (Dreyer, et al., 2012). In a study by 
Dreyer et. al. (2012) it was discovered that ombrotrophic peat bogs were not suited as natural 
archives to provide authentic and reliable temporal trend data of historical atmosperic PFAS 
(perfluoroalkyl substances) deposition. It was found that certain chemicals had been destributed 
and that most (perfluoroalkyl acids) PFAAs where somewhat mobile which is opposite of what 
was expected. 
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3 Materials and Methods 
3.1 Case study site: Evenes 
 
Figure 7 Evenes is located at the West coast far North in Norway  (after Kartdata, n.d.). 
 
Evenes municipality is located at the North end of the  Ofot fjord in Northern Nordland county 
where it boarders Troms county, in Northern Norway. Evenes was founded in 1884 when it was 
segregated from Ofot commune. The area of Evenes, excluding lakes and fjords, is approximately 
250 square kilometres and consists of earth and forest, long stretched coastal lines and mountain 
areas. The landscape is quite low where 70% of the elevation is less than 300 meters above sea 
level  (Dalfest, 2005-2007; Sørensen, 2012; NRK, 2013.). 
 
The bedrock consists of schist and limestone containing some dolomite, marble and iron ore. To 
the West and Northeast of the Ofot fjord two big low lying areas are located; respectively 
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Evenesmarka and Snubba. In the North the two highest tops are located; Lilletinden elevated 
1134 meters above sea level and Niingen elevated 1073 meters above sea level  (Dalfest, 2005-
2007). 
 
Harstad/Narvik Airport (68°29'20''N 016°40'42''E) is owned and run by the company Avinor and 
located at the West end of Evenes commune. The two lakes, Langvatnet and Lavangsvatnet, are 
located to the East and the West of the airport, respectively (Feil! Fant ikke referansekilden.). 
In this area the bedrock is only slightly covered by sediments and loose material. A typical 
profile through the different sediment layers is peat on top, than a sandy/silty layer overlying a 
layer of silt/clay on bedrock. The deepest layer was reached at a depth of 1-1.5 meters and has a 
low permeability.  Several nature reserves and national important nature types are found near the 
airport. Beneath the peat layers exits a small groundwater reserve, which is assumed to flow 
along the non-permeable clay layer or bedrock to the lakes located West and East of the airport.  
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Figure 8 The area of interest, BØF-A, is located to the west of Evenes Airport. A higher 
resolution picture is displayed in the bottom left corner of the figure (Avinor, 2013). 
 
Two fire-fighting training fields are located at Harstad/Narvik Airport (Figure 8). However, 
neither of the fields are presently in use for ordinary training and will not be in the future, but the 
youngest field (BØF-A) is still used for testing fire trucks  (Avinor, 2013). 
 
Oldest fire-fighting training field, BØF-B 
BØF-B was in use from 1973 until 1980 and is located East at the airport. The central sediments 
within the field have been dug up and removed. Some of the area that may be contaminated is 
now underneath parts of the airport. The areas on the North and East are dominated by peat up to 
1 meter thick overlying sandy silt. The layer underneath the peat is almost non-permeable and the 
swamp area is partially trenched  (Avinor, 2013). 
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Youngest fire-fighting training field, BØF-A 
This training field has been used since 1980 and is still used to a limited extent. It is located 
directly across the operation area, West of the landing track. In the centre of the field is a 
concrete platform used for fire-fighting training. Today the fire-fighting foam is tested on an area 
of "Norges brannskole" (Norway's fire school) and fire truck canons are tested on a cement 
platform. The profile here consists of a placed gravel/sand top layer, thin peat layer on top of a 
fine sand/silt layer. The deepest layer has very low permeability. Water has not been shown in the 
trial pit with the exceptions of seeping water in the top layers. In 2006 limited contamination of 
oil components was found to be present within the central parts of the field through a survey 
performed by Norconsult. They did not analyze for PFCs  (Avinor, 2013). 
 
3.2 Sampling stations 
On 17/10-13 and 18/10-13 fieldwork was completed at the new fire-fighting training site (BØF-
A) at Evenes Airport (Figure 8). Figure 9 shows where all the samples have been collected in the 
chosen area. The first day was sunny and windless and the temperature was -7
o
C, whereas the 
second day it was snowing and the temperature was minus 1 to 2 degrees. 
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Figure 9 Map of sampling stations in the area of BØF-A and run-off area to the west.  
 
The area of interest, BØF-A, is approximately 0.1 square kilometre, in addition to a small river 
going from BØF-A to a lake located west of the area (Figure 9 and 9). The locations of the 
sampling stations were chosen so that the first samples were located near the contamination 
source and then the sampling follows the flow direction of the water transport. A total of six 
column samples, six water samples and several soil and sediment samples was collected from this 
area (Table 4).  
 
The soil samples were collected in plastic bags, and were collected from the stations EVE 1 
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through EVE 5. In EVE 1, soil was collected from each layer (four in total) in a vertical profile. 
Bottom sediments from the river and the lake were collected in EVE 6 and EVE 7, respectively. 
Most of the soils sampled in plastics bags consisted of peat. More details can be found in 
Appendix A. 
 
Table 4 An overview of the different stations where the samples were collected. Type of 
sample is also presented.  
Station Distance from source 
located ca. at EVE 2  
Station description Samples 
Soil/sediment Column Water 
EVE 1 -56 m Located Northeast of cement platform in 
the middle of BØF-A 
X X  
EVE 2 0 m Located Southwest of cement platform in 
the middle of BØF-A 
X   
EVE 3A 48 m Located Southwest of EVE 2 in the swampy 
area, inside the airport fence 
X X X 
EVE 3B 50 m Located Southwest of EVE 2 in the swampy 
area, outside the airport fence 
  X 
EVE 4 200 m Located in the middle of the swampy area 
in the small river 
X X X 
EVE 5 340 m Located at the end of the river in a little 
pond of the river 
X  X 
EVE 6 356 m Located in the estuary X  X 
EVE 7 376 m Located approximately 5 meters into the 
lake 
X  X 
 
 
Four of the column samples were pushed into the ground by an excavator, which first removed 
the top layer of the chosen area. This top layer, consisting of sand and gravel, was placed there as 
fill material when the fire training field was established. The layer sequence underneath the 
anthropogenic top layer consisted first of a thin organic rich layer (peat), then a grey silty layer, 
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followed by a red/brown sandy layer on top of a coarser sand layer containing gravel and clumps 
of silt (Figure 10). Towards the lake the organic rich layer became thicker and a clay layer was 
located underneath, over the bedrock. The last two column samples were placed in a peat bog 
(EVE 4). Due to compressions in the soil when the columns where pushed down and large 
boulders/bedrock causing the columns not being pushed all the way down, upper parts of the 
columns were not filled by soil. An overview of the unfilled space inside the columns and  the 
length of the column which were not pushed into the ground can be seen in Appendix A.  
 
 
Figure 10 Four of the six column samples were pushed into the ground by an excavator, 
after removing the top layer of fill material (left image).  
 
When collecting the water samples, pH measurements and electroconductivity (EC) 
measurements where performed. EC is a measure of a material ability to carry an electric current 
or amount of dissolved salts  (USDA, 2005). Each water sample was collected in three bottles; an 
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unfiltered 1 liter bottle for PFC analysis, a 500 ml filtered water for chemical elements and a 100 
ml filtered water for dissolved organic carbon (DOC). The filter used is a 0.45 micrometer 
polysulfone filter. Two of the water samples were collected from a small pond (EVE 3A and 3B), 
two samples were collected in the river (EVE 4 and 5), one sample in the lake just outside the 
estuary (EVE 6) and the last one (EVE 7) was collected further out in the lake using a boat 
(Figure 11).  
 
Figure 11 Water in the estuary is being sampled (left image) and bottom sediments from the 
lake are being sampled using a  grab sampler in a boat (right image).  
 
EVE 1 
At the first site, closest to the airport, a sandy layer of approximately 2 meters was removed by an 
excavator. After removing the sand layer, two of the six columns were pushed into the ground 
(1A and 1B). A mixed sample of peat and overlying sand was collected in a plastic bag. A sample 
for each of the four layers in the profile was also collected at EVE 1 (Figure 12). 
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Figure 12 Soil profile from EVE 1 where two of the column samples were located.  
 
EVE 2 
At the edge of BØF-A the excavator was used to remove the uppermost layer, containing sand 
and gravel, which has been placed there. This layer was approximately 230 cm thick and 
underneath it the peat layer was detected and collected. Traces of clay indicated that the layer 
underlying the peat consisted of clay. At approximately 60 cm depth the bedrock was located. 
 
EVE 3 
The third station is located at the beginning of the peat bog area. Here a water sample was 
collected in three bottles; one for the PFC analysis, one for the elements and the last one for 
DOC. The pH and the electroconductivity (EC) were also measured in the field (Table 5). A 
substantial amount of the peat in addition to two column samples (3A and 3B) was also collected 
in this area. Figure 13 shows that the profile in this location vary from the one in EVE 1. The peat 
layer has become thicker and the layer underneath contains mostly clay which lies on top of 
bedrock. This might be the reason for the sand layer discontinuing here. 
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Figure 13 Soil profile from EVE 3 where two of the column samples were located. 
 
EVE 4 
EVE 4 is located in the middle of the swamp (Figure 9). The collected samples from this area 
correspond to the ones collected in EVE 3; one water sampler, one peat, sample and the last two 
column samples (4A and 4B). The pH and EC were measured in the water sample. The layer 
sequence in this profile is similar to the other two (Figure 14). The thickness of the peat layer 
increases towards the swampy area. 
 
 
Figure 14 Soil profile from EVE 4 where two of the column samples were located. 
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EVE 5 
Station five is located at the end of the small river just before it runs into the lake (Figure 9). A 
peat sample and a water sample were collected. The pH and the EC were measured in the water 
sample. 
 
EVE 6 and EVE 7 
EVE 6 is located in the estuary and EVE 7 is located in the middle of the lake (Figure 9). Water 
was sampled in EVE 6 and the pH and EC were measured. A boat was used when sampling 
bottom sediments from the lake in EVE 6 and EVE 7 and also for the water sample in EVE 7 
(Figure 11). The pH and EC for EVE 7 water sample were measured on land immediately after 
sampling. 
 
3.3 Soil characterization 
A selection of 11 soil samples were homogenized and analyzed. Most of these samples consist of 
peat and are very organic rich, containing a lot of roots, which result in their character. Therefore, 
the homogenization process for the peat samples consisted of removing as many roots as possible 
and mixing of the soil by hand. The number in the name of the sample contains information about 
the sample location (e.g. EVE 4, EVE 5 etc.) and also the layer sequence in respect to one 
another (e.g. 1.1, 1.2 etc.). 
 
To determine the water content in the samples, triplicates were used. Initial weight measures 
(Mwet) of the triplicates containing wet soil were compared to the dry soil weight (Mdry) after the 
samples had been drying for at least 24 hours in an oven of temperature of 110
o
C. Then the water 
content (W) was estimated using the following equation: 
 
  
         
    
      
 
By using Organic Element Analysis, the total carbon (TC) and the total nitrogen (TN) content 
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were decided. For this analysis the dried samples were crushed into very fine powder using a rock 
crushing machine and only 2µg per sample were used. The soil sample was placed in a small 
container at the top of the machine together with a metal cylinder which crushes the sample when 
the machine shakes it. 
 
All the soil samples were sent to a laboratory (Eurofins) for PFC, inorganic element and total 
organic carbon (TOC) analyses. The TIC was estimated by subtracting TOC from TC. 
 
3.4 Batch experiments 
Five of the 11 characterized samples soil were chosen for batch experiments. These five samples 
are EVE 1.1, EVE 2, EVE 3.1, EVE 4 and EVE 7. EVE 1.1 through EVE 4 consist of peat and 
EVE 7 consists of bottom sediments from the lake. The experiments were carried out in 
triplicates. All of the soil samples were mixed with Millipore water to a solid liquid ratio of 1:20 
(50 g dry soil and 1000 g water) in 2L plastic bottles. The water content was used to estimate the 
amount of wet soil and Millipore water needed for each sample. The amount of wet soil needed 
in the mixing was estimated from this equation, where W is water content in decimal: 
 
                      
 
The amount of Millipore water needed will be less than 1000 g when adding the water already 
present in the soil sample. The needed Millipore water (MPwater) was estimated using the 
following equation: 
 
                      
 
After weighing in the correct amount of soil and water the bottles were placed in an end-over-end 
shaker, at 10 rotations per minute (RPM), for eight days (Figure 15).  
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Figure 15 EVE 7 triplicates in the end-over-end shaker running at 10 rotations per minute 
(rpm).  
 
Then the sample triplicates were taken out of the shaker and placed in a cold room of 10
o
C for 
one day to settle by gravity so that soil and water can separate as much as possible. The overlying 
water then got sieved through a net (approximately 0.5 mm sieve) to remove larger bits of roots 
and then to settle for one more day in beakers (Figure 16). The beakers were covered by 
aluminium paper to prevent contamination and evaporation.  
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Figure 16 The overlying water is being sieved through a net before settling for one more 
day. 
 
After settling for two days, in total, the triplicates were filtered through fibreglass filters: GF/D- 
and/or GF/C-filter by a stainless steel pressure filterer depending on the amount of suspended 
material in the water. In Figure 17 the stainless steel pressure filterer is displayed. Both of the 
filters are glass microfiber filters, but the GF/D filter has got a pore size of 2.7 µm whereas the 
GF/C filter's pore size is 1.2 µm. The GF/C filtered water, collected in two plastic bottles (one 
500 mL for PFC analysis and another 100 mL for elements- and TOC-analysis), was placed in 
the cold room for up to a week before all the samples could be analysed simultaneously. 
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Figure 17 The stainless steel pressure filterer. 
 
 
Figure 18 The organic rich soil from EVE 4 clogged up the filter. 
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Due to a sticky character of this organic rich soil from EVE 4 the batches needed two GF/D 
filters to get all the water through because the first filter was clogged by the soil (Figure 18). The 
GF/D-filtered water was then able to be passed through one GF/C filter. 
 
EVE 7 is located in the lake and contains bottom sediments. These sediments are very fine-
grained and the amount of suspended material was quite high after settling. This resulted in the 
filters being clogged up very fast and therefore needed to be changed quite often (Appendix D: 
Table 20).  
 
3.5 Column experiments  
The soil profiles, used in the column experiments, were collected in stainless steel cylinders. A 
total of six cylinders were used. These were sampled from three different stations (EVE 1, EVE 3 
and EVE 4) in parallels (A and B). The height of the cylinders is approximately 88 cm, but the 
compression of the soil when the cylinders were pushed into the ground and the cylinders not 
being pushed all the way down (due to underlying bedrock or large boulders), resulted in an 
unfilled space inside the cylinders. For more details on these spaces see Appendix E. 
 
The experiments consisted of two plugs placed at both openings of the columns. A tube was 
connected to the plugs to allow water to be pumped in at one end, flow through the column and 
then exit at the other end (Figure 19). Firstly, all of the columns were capped at the water 
entrance with a close-meshed nylon net to prevent movement of the soil when pumping water 
through. Secondly, the plastic plug (containing no Teflon) was lead down the opening of the 
columns until the surface of the soil profiles was reached. The plug was in place and tightened to 
make sure no water would leak around the plugs. The column, EVE 4A, also got capped with the 
nylon net at the water outlet because of the soil material being quite fine and needed to be 
prevented from clogging up the tube leading the water out. The in- and outlet tubes of the 
columns, consisting of nylon, were connected to tubes going through the peristaltic pumps by 
more flexible silicon tubes. Two 10 litre plastic containers, filled with Millipore water, were used 
as water source for the experiments. Two pumps were used allowing for two different pumping 
speeds. The four columns, EVE 1A, EVE 1B, EVE 3A and EVE 3B, were connected to one 
 43 
 
pump while EVE 4A and EVE 4B were connected to the other.  The columns needed to be 
connected so that the dry weight of the soils were as similar as possible because the water passing 
through should be sampled at liquid to solid (L/S) ratios of 2, 4, 6, 8 and 10. The prepared 
columns were placed up-side-down and completely saturated before the experiments could start. 
Throughout the experiments the temperature was 10 degrees Celsius as they were set up in a cold 
room. 
 
 
Figure 19 The column experiments set up in a cold room of 10
o
C. The four left ones are 
connected to the left pump while the two right ones are connected to the pump on the right. 
 
3.6 Kd and Koc values calculation 
The soil-water distribution coefficient (Kd) is a key parameter in several transport and mobility 
models which are used to estimate the environmental risk different contaminants pose in soil. For 
this parameter to be valid, the soil conditions have to be under equilibrium. An assumption of Kd 
being mathematically constant independent of the soil or pore water concentration is often made, 
which assumes a linear sorption isotherm. This assumption can be valid for many organic 
 44 
 
compounds when the concentration is low. When the concentrations are high, the soil becomes 
saturated causing the sorption capacity to decrease  (Schwarzenbach, et al., 1993). The soil-water 
distribution coefficient is calculated using: 
   
  
  
 
where Cs is the contaminant concentration in soil (mg/kg) and Cw is the concentration of the 
contaminant in water (mg/l). 
 
The Kd for the different PFCs was calculated from both the water samples collected in the field 
and the water from the batch experiments relative to the concentrations in the soil samples. The 
Cw  used from the batch experiments is the mean of the triplicates. The batch experiment and the 
field water samples gave five and six different calculations, respectively. If the compounds' 
concentration is lower than limit of quantification (LOQ) in soil the Kd was estimated to be lower 
than the calculated value and opposite (Kd>value) if the concentration in water was under LOQ. 
If the concentrations are lower than the LOQ both in soil and water, Kd could not be estimated. 
 
The organic carbon-water distribution is estimated from the Kd and the fraction of organic carbon 
present in the soil (foc): 
    
  
   
 
 
The foc is estimated from the total organic carbon: 
    
       
   
 
 
 
3.7 Mass balance calculations 
Peat bog basin 
The volume of the peat bog basin was estimated using a map and assuming a constant thickness 
of 0.5 meter. Furthermore, a bulk density of 0.1 g/cm
3
 for peat was used due to previous study 
giving a peat bulk density range from 0.07 to 0.17 g/cm
3
 (Lindsay, 2010). The annual 
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precipitation was estimated using published rainfall data for Narvik (Bryn, et al., 2007). To 
estimate the total amount of PFOS located within the basin, the mean value of two PFOS 
concentrations (EVE 2 and EVE4) were used. It is therefore assumed to be a realistic case 
senario. The annual leaching of PFOS was established by using the water concentration in 
sampling station EVE 5, where the water outflow is assumed to be located. By establishing how 
much PFOS is leached out every year, the number of years before all PFOS is removed from the 
basin was calculated. See Appendix F for more details. 
 
PFOS leached in batch experiments 
The total amount of leached PFOS in the batches was calculated using an estimation of the added 
dry soil and the concentration of PFOS in the soil, which gives the total amount of PFOS in the 
soil. This was later compared to the total amount of PFOS leached, which was calculated using 
added water and the PFOS concentration in the water.  
 
The accumulated amount of leached PFOS by increasing number porevolumes 
The total leached PFOS was estimated each week. The amount of PFOS present in the columns 
before the experiments started was established by using the same method as for the peat bog 
basin with a calculated soil volume. Then the total PFOS amount in the soil and the water 
samples was estimated using the same method as for the batch experiments, and last the 
correlation between accumulated leached PFOS (%) and porevolume was found.  
 
Data treatment 
All the data have been treated using Excel. The presentation of the data was through different 
diagrams and tables.  
 
4 Results 
4.1 Field samples 
At the sampling sites, EVE 3 throughout EVE 7 water samples were collected.  At EVE 3, two 
water samples (A and B) were collected from two different ponds. The water was filtered and pH 
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and EC were measured both in the field as well as in the laboratory (Table 5). The 
electroconductivity measurements are highest in the water sampled closest to the contamination 
source (BØF-A) and decreases as the distance between the sampled water and BØF-A increases. 
The pH measurements behave in an opposite manner of the EC and increase as the distance 
between sampling station and contamination source increases, especially for the laboratory 
measurements (which are most likely expected to be more reliable).  
 
Table 5 An overview of the pH and electroconductivity measurements in the field and in the 
laboratory. 
Stop pH EC (µS/cm) 
Field (temp in oC) Lab (temp in oC) Field (temp in oC) Lab (temp in oC) 
EVE 3A  6,74 ( 6,1) 6,69 (11,5) 846 ( 6,5) 718 (8,7) 
EVE 3B n.d. 6,72 (16,3) n.d. 728 (13,5) 
EVE 4 7,5 (1) 7,38 (13,5) 370 ( 0,8) 357 (13,7) 
EVE 5 7,12 (0,6) * 7,56 (14,4) 300 ( 0,7) 292 (14,5) 
EVE 6 7,53 (1) 7,58 (14,9) 204 ( 4,3) 272 (14,9) 
EVE 7 6,76 (?) 7,75 (15) 194 ( 4,7) 186,1 (14,6) 
* Uncertainty: the pH measurement never completely stabilized. 
 
Figure 20 shows that the amount of the different PFCs present varies between the water samples 
collected in the field. The numbers within the parenthesis indicate number of carbon atoms in the 
compound's alkyl tail. The water (EVE 3A and EVE 3B) sampled closest to the fire-training site 
clearly contains the highest concentration of PFCs (apprimately 35000 ng/l). As the distance 
between the collected water samples and the fire-training sites increase, the concentrations of 
PFCs are reduced. PFOS, 6:2 FTS and PFHxS are the three most abundant compounds in these 
samples. Compounds that also exists in the water samples, in much lover concentrations, are 
PFOA, PFHxA and PFPeA.  
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Figure 20 The distribution of the different PFCs in all the water samples collected in the 
field. 
 
Figure 21 The relative PFC concentrations in the water samples collected in the field. 
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Figure 21 shows relative concentrations of the different PFCs where PFOS is the main 
compound.  EVE 7 contains the lowest concentration of PFCs (Figure 20) and the only 
compound above detection limit is PFOS. PFOS can be seen in all the six water samples and 
makes up the highest percent. The relative concentrations of 6:2 FTS and PFHxS, as well as the 
other minor concentrated PFCs, increase as the distance from the site where AFFF was used 
increases. Whereas the relative concentration of PFOS decreases (except from in EVE 7).  
 
 
Figure 22 The elements sodium, magnesium, calcium and potassium are present in all the 
water samples (EVE 3B was not analyzed for these elements).  
 
The concentration of the elements sodium, magnesium, calcium and potassium decreases towards 
the lake, away from the PFC contamination source. In EVE 4, EVE 5 and EVE 6 the 
concentrations are quite stable and in EVE 3A the concentrations are more than twice as high 
(180 mg/l). In the lake (EVE 7) potassium is not present, but the other three elements are 
(sodium, magnesium, calcium) (Figure 22). 
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Figure 23 Relationship between PFOS concentration and pH with a coefficient of 
correlation (R
2
) of 0.9725.   
 
Figure 23 shows that the concentration of PFOS decreases as the pH increases with a linear 
inverted relationship. All pH values are close to neutral where the smallest pH is approximately 
6.7 and the highest is around 7.75. Higher quantities of PFOS are present in water when the 
environment becomes more acidic. The coefficient of correlation (R
2
) equals 0.9725. The 
correlation between PFOS concentration and electroconductivity (EC) also appears linear (Figure 
24). The concentration of PFOS increases as EC increases and the EC values ranges between ca. 
200 µS/cm-780 µS/cm. The fitting of the data set is good in this case also with a R
2
= 0.967. 
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Figure 24 Relationship between PFOS concentration and electroconductivity. The 
coefficient of correlation (R
2
) equals 0.967. 
 
 
Figure 25 PFOS concentration related to the amount of dissolved organic carbon present. 
 
In the water samples collected in the field, the dissolved organic carbon (DOC) values range 
between approximately 3.8 mg/l and 6.9 mg/l. Figure 25 does not indicate any specific 
correlation between PFOS concentration and DOC. The highest concentration of PFOS is 
connected to the middle value of DOC (ca. 5.5 mg/l). See Appendix C for details.  
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4.2 Soil characterization 
Table 6 shows all the soil samples, and their corresponding water content (W), total nitrogen 
(TN), total carbon (TC), total organic carbon (TOC) and total inorganic carbon (TIC). The 
variation in the water content is high with the smallest value of 17.1% and the largest value of 
494%. The content of TN and TC values also have large differences,  ranging between 0-3.06% 
and 0.2-42.8%, respectively. Most of the carbon present in the soil samples is organic carbon. 
The highest percentage of TIC is 9.87% (EVE 3.1). Because TC and TOC were analyzed in two 
different laboratories, an error in EVE 5 is most likely caused by inaccurate homogenization. 
There are two obvious soil characteristics: one for peat soil and another for the mineral soil/lake 
sediment.  
 
Table 6 Water content (W), Total nitrogen (TN), total carbon (TC), total organic carbon 
(TOC) and total inorganic carbon (TIC) for of the collected soil samples. 
Soil sample Soil type W % TN % TC % TOC % TIC % 
EVE 1.1 Peat 313 2.52 42.4 38.5 3.9 
EVE 1.2 Mineral 22.4 0 0.69 0.7 -0.01 
EVE 1.3 Mineral 20.5 0 0.55 0.5 0.05 
EVE 1.4 Mineral 17.1 0 0.27 0.2 0.07 
EVE 2 Peat 194 1.68 35.7 32.3 3.4 
EVE 3.1 Peat 378 2.22 42.8 33 9.87 
EVE 3.2 Mineral 24.7 0 0.49 0.5 -0.01 
EVE 4 Peat 291 3.06 37.4 33.8 3.68 
EVE 5 Peat 494 0.79 15.1 18.3 -3.17 
EVE 6 Lake sediment 24.9 0 0.56 0.6 -0.04 
EVE 7 Lake sediment 263 0.3 3.58 2.5 1.08 
 
In the soil samples, consisting of peat, the PFC concentrations are high. In the peat, the smallest 
concentrations are found in EVE 5 ( little more than 600 µg/kg dw dry weight) and in EVE 2 the 
concentrations are the highest (around 16000 µg/kg dw). EVE 2 is located closest to the 
contamination source. EVE 1.2, EVE 1.3 and EVE 1.4 are deeper lying layers, consisting of sand, 
silt and gravel. They are collected from the sampling station EVE 1. EVE 3.2 is also a sand/silt 
layer located under EVE 3.1. In these four samples the concentration of PFCs are too low to 
show in Figure 26. The PFC concentrations are also too low to show in the figure in EVE 6 and 
EVE 7. These sediments were collected from the bottom of the lake and their sorption ability and 
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contamination access are lower than in the peat samples.  
 
Figure 26 PFC distribution in the collected soil samples.  
 
 
Figure 27 PFOS is close to being the only compound present in in all the soil samples.  
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All the collected soil samples contain PFOS, which indicates that the most common compound is 
PFOS (Figure 27). EVE 1.1, EVE 1.2, EVE 1.3 and EVE 1.4 as well as EVE 3.1 and EVE 3.2 are 
soils samples in a vertical sequence. These samples show that PFOS can be found deeper in 
underlying soil layers. Other PFCs that can be found in the peat soil samples are PFBA, PFPeA, 
PFHxA, PFHxS and 6:2 FTS. Small concentrations of PFNA are present within EVE 1.1. Except 
from this, the compound with the longest carbon-chain present is PFOS. 
 
 
 
Figure 28 PFOS concentration at EVE 1 as a function of depth. The vertical axis starts with 
the peat layer located underneath approximately 2 meters of fill material. The 
concentration axis is logarithmic.  
 
PFOS are found in all the four vertically sequenced layers in EVE 1 (Figure 28). Most PFOS are 
accumulated in the uppermost layer, which consists of peat. The concentration reduces 
logarithmically with depth. It is nearly 1000 times higher concentration in the peat layer on top 
compared to the sand/silt layers further down. At the depth of 35 cm, the concentration becomes 
stable throughtout the rest of the underlying layers.  
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Figure 29 The distribution of the elements silicon, sodium, manganese, magnesium, 
calcium, potassium, iron and aluminium in the soil sample. 
 
The collected soil samples contain several inorganic elements and the concentration of some of 
the main elements are shown in Figure 29. The samples containing the highest PFC concentration 
also contain the highest amount of calcium (peat soils). Iron and aluminium are present in quite 
high concentrations, but there does not seem to be any correlation between the presence of these 
two elements and the presence of PFCs.  Mineral soil (e.g. sand, silt, clay) has lower calcium 
content. 
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Figure 30 PFOS concentration as a function of total organic carbon can be established. 
 
 
Figure 31 PFOS concentration as a function of calcium content. 
 
Based on the figures 30 and 31, the concentration of PFOS does not seem to correlated with the 
presence of either TOC or calcium. Both of the figures follow the same pattern with one 
extremely high PFOS concentration as the fourth  highest TOC/calcium value. The rest of the 
data increase slightly in PFOS concentration as the TOC/calsium values increase. However, the 
relationship between calcium and TOC nearly follows a linear correlation. The R
2
 equals to 
0.9474. The concentration of calcium increases as the percentage of TOC increases (Figure 32). 
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Figure 32 Correlation between calcium (Ca) concentration and TOC content.  
 
4.3 Batch experiments 
 
Figure 33 The mean PFC distribution in the triplicate water samples from the batch 
experiments.  
 
Because the batch experiments were performed in triplicates, the mean value of these was used 
when the results were plotted in the different diagrams. Figure 33 shows how the mean 
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concentrations of the different PFCs are distributed in the water from the batch experiments. The 
mean concentrations in EVE 2 (roughly 180000 ng/l), located closest to the fire-fighting training 
area, are more than nine times higher than the mean concentrations in the other water samples. 
The soils in EVE 7 triplicates consist of bottom sediments from the lake, while the other batch 
soils consist of peat. The mean concentrations in the water from the EVE 7 triplicates are clearly 
the lowest. The soils in EVE 7 were also located the furthest from the contamination source. 
PFOS is the most abundant PFC in the water samples from the batch experiments. EVE 1.1, EVE 
3 and EVE 4 contain similar concentrations of PFC, ranging from roughly 1000-1700 ng/l. 
Variation in the triplicates are shown in Appendix D. 
 
 
Figure 34 The relative mean concentrations of PFC in the water from the batch 
experiments.  
 
PFOS is the most abundant PFC in the water samples from all of the batch experiments (Figure 
34). PFCs consisting of shorter carbon-chains, such as PFBA, PFPeA, PFHxA, PFHxS, PFHpA, 
6:2 FTS and PFOA, are also present in the batch waters, but in considerable lower 
concentrations. The relative concentration of these shorter chain PFCs increases as the distance 
between the sampled soil and contamination source increases. In EVE 2 the other PFCs make up 
approximately 5% and in EVE 7 they make up about  30%. Figure 35 also support that the 
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contaminants were released closest to EVE 2, where the PFOS concentration are significantly 
higher than in the other batch experiments.  
 
 
Figure 35 Mean PFOS concentrations from the batch experiments. Bar lines indicate the 
standard deviation.   
 
From the batch experiment results, it is not possible to establish a correlation between PFOS and 
either pH, electroconductivity (EC) or dissolved organic carbon (DOC). There is an extremely 
high PFOS concentration value of nearly 170000 ng/l (EVE 2), but the values of pH, EC and 
DOC do not correlate to this. The pH, EC and DOC values are found between 6.7-7.7, 130-410 
µS/cm and 6-19 mg/l, respectively (Appendix D). 
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four porevolumes. The concentration of PFNA (nine carbon atoms) are very low and increases 
slightly before barely decreasing, in both EVE 1 columns. 
 
However, the concentration of PFHxS in the effluent water from EVE 3 columns is not as high 
after two porevolumes compared to the other perfluorinated compounds, as in EVE 1. The PFC 
concentrations are generally higher in these columns (nearly 1200 ng/l and 1000 ng/l for PFHxS). 
All the PFCs decrease in concentration with the effluent water at first, but a plateau or small 
increase can be seen after five porevolumes for the EVE 3 parallels (Figure 38A and Figure 39A).  
 
The variation in PFC concentration with effluent water in EVE K-4A and EVE K-4B differs from 
the other four columns. They start off by slightly increasing, creating a plateau in the graphs and 
then decrease rapid (Figure 40A and Figure 41A). Nearly five and eight porevolumes passed 
through EVE K-4A and EVE K-4B, respectively. Not enough water passed through these 
columns to reduce the PFCs to similar concentrations as found in the other columns.  
 
The leaching behaviour of the selected PFCs are quite similar for the columns collected at EVE 1 
and EVE 3, while the two columns sampled in the middle of the peat bog (EVE 4) got rather 
different behaviour. 
 
The figures show the relative amount of leached PFCs present PFOS as the most abundant 
compound (Figure 36B-41B). Each bar represent the water sampled weekly. In all the samples, 
the relative amount of leached PFOS increases with time, though the quantitative presence of 
other PFCs are quite different between the different columns. After one week of leaching, the 
EVE 1 columns got the smallest par of PFOS (ranging between ca. one to two porevolumes), but 
the relative amount compared to the other PFCs, quickly increases with time. The parallels 
collected at EVE 3 contain the smallest amount of PFCs with carbon chains shorter than C8 
(shorter than PFOS) in all the weekly sampled effluent water. Whereas the leached water from 
EVE K-4A and EVE K-4B contains the highest percentage of the shorter chain PFCs. 
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Figure 36 A) How the selected PFCs leached out of column EVE K-1A in effluent water 
with time. B) The relative distribution of leached PFCs and porevolume in EVE K-1A.  
 
 
Figure 37 A) How the selected PFCs leached out of column EVE K-1B in effluent water 
with time. B) The relative distribution of leached PFCs and porevolume in EVE K-1B. 
 
Figure 38 A) How the selected PFCs leach out of column EVE K-3A in effluent water with 
time. B) The relative distribution of leached PFCs and porevolume in EVE K-3A. 
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Figure 39 A) How the selected PFCs leach out of column EVE K-3B in effluent water with 
time. B) The relative distribution of leached PFCs and porevolume in EVE K-3B. 
 
Figure 40 A) How the selected PFCs leach out of column EVE K-4A in effluent water with 
time. B) The relative distribution of leached PFCs and porevolume in EVE K-4A. 
 
Figure 41 A) How the selected PFCs leach out of column EVE K-4B in effluent water with 
time. B) The relative distribution of leached PFCs and porevolume in EVE K-4B. 
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The leaching behaviour of PFOS through undisturbed soil columns varies greatly between the six 
collected columns (Figure 42). There are also quite big variations in the leaching between the two 
columns collected in  parallels: EVE K-3A and EVEK-3B. For the four remaining columns (EVE 
K-1A, EVE K-1B, EVE K-4A and EVE K-4B), the general trend in PFOS concentrations with 
effluent water are similar. In the first leached water samples, the concentrations slightly increase 
until they start to flatten out and/or decrease. The concentration of PFOS never reached below 
Norway's accepted drinking water levels of 300 ng/l (Vannforeningen, 2012), even though it 
seems as if the concentrations within the columns from EVE 3 would become of accepted levels 
with a few more porevolumes. EVE 4 columns, in contrast, had not even started to increase in 
PFOS concentrations, but the amount of porevolumes that had flushed through much less 
compared to the other four columns. 
 
 
Figure 42 The concentration of PFOS with increasing porevolumes in the six columns. 
 
The leaching behaviour of PFHxS is highly different from PFOS' within the same six columns 
(Figure 43).  The concentrations are never as high as the PFOS concentration and it generally 
increases quite rapidly. The increase is less rapid in EVE K-4A and EVE K-4B, but the 
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concentrations have reached below 200 ng/l in all the columns. In the parallel columns from EVE 
3, there is a minor increase in the concentration around nine and 11 porevolumes. The 
concentrations stay lowest in the EVE 1 columns and become zero around the nine porevolume.  
 
 
Figure 43 Variations in PFHxS concentration in effluent water with time in the six columns. 
 
Due to the column experiments being performed in parallels columns, the leaching behaviour of 
PFOS is assumed to be rather similar between the two columns sampled at the same site. For the 
columns samples in parallels at EVE 3, the PFOS concentrations in the effluent water are quite 
different. EVE K-3A concentrations are to some extent decreasing in the beginning, while the 
leached water concentrations in EVE K-3B increase (Figure 44A). Figure 44B displays how the 
PFOS concentrations vary in the leached water from the two columns every week. For week 
number 2, 3 and 4 they have an opposite trend with an increase in EVE K-3B and decrease in 
EVE K-3A. The number of porevolumes passed through the columns is higher for EVE K-3B 
than EVE K-3A. 
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Figure 44 Comparison of the leaching behaviour of PFOS between the two parallel 
collected columns: EVE K-3A and EVE K-3B. A) The PFOS concentration variation with 
increasing porevolume. B) The PFOS concentration variation with number of weeks passed 
since the experiments started. 
 
4.1 Total amount of PFOS leaching out of the soils 
The total amount of PFOS located in the peat bog basin 
The peat bog basin situated in the run-off are of the fire training field works as a reservoir for 
PFOS. The bog basin has an estimated volume of 37800 m
3
. The total amount of peat, in this 
basin, was estimated to be 3,780,000 kg and by using the mean PFC concentration between EVE 
2 and EVE 4 the total amount of PFOS in this area was established to be nearly 43 kg. Assuming 
that precipitation is the only inflow water, the calculated annual leaching of PFOS is 0.63 
kg/year. With this leaching rate, it will take about 68 years before all the PFOS is removed by 
natural attenuation (Table 7). 
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Table 7 The estimated contamination field volume, kg of peat in the volume, precipitation 
area, total amount of PFOS in the volume and the annual leaching of PFOS are used to 
calculate the number of years before all the PFOS is leached out. 
Field volume 37800 m3 
Precipitation 830 mm/year 
Precipitation area 104580 dm3/year 
PFOS concentration 11305 µg/kg 
Kg Peat 3780000 kg 
Total amount of PFOS 42732900000 µg 
Leaching of PFOS 627480000 µg/year 
Number of year until all PFOS is leached out 68 years 
 
 
The percentage of PFOS leached out  
The total amount of leached PFOS in the batch experiments are given in percentage in Figure 45. 
The triplicates with highest percentage leached are EVE 2, which also received the highest soil 
concentrations. EVE 3 and EVE 7 triplicates have the second highest leachate, even though EVE 
7 soil clearly contains the lowest concentrations of PFCs. The soil containing the second highest 
PFC concentrations produced the smallest leachate (EVE 4). 
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Figure 45 The total amount of PFOS that has leached out of the batch triplicates in 
percentage.  
 
After 10 porevolumes four of the six columns had leached more than 50% of the original PFOS 
concentration (Figure 46). The two parallel columns collected at EVE 1 leached the most PFOS, 
where nearly 100% PFOS had leached out of EVE K-1B. The accumulated amount of leached 
PFOS in EVE K-3A seems to be starting to be flattening out. This implies that the PFOS 
available for leaching has been removed by water flushing through 15 porevolumes.  The 
columns that were samples from the middle of the peat bog (EVE K-4A and EVE K-4B) have 
produced around 5-10% of leachate and are still containing most of the contamination.  
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Figure 46 The total amount of PFOS in the water leached out of the columns as function of 
porevolumes. 
 
4.2 Kd and Koc values calculation 
4.2.1 Field samples 
Table 8 displays the different Kd values for the PFCs in the water samples collected and filtrated 
in the field. EVE 4, which is located in the middle of the peat bog, shows the highest values of 
Kd. In this sample three compounds have concentrations over the detection limit; PFBA (4 
carbons), PFHxS (6 carbons) and PFOS (8 carbons). The highest Kd belongs to PFBA with a 
value of 568.5 and then PFOS with a Kd value of  519.6. In all the other samples PFOS has the 
highest Kd value (especially for EVE 7, where PFOS is the only compound concentrated over the 
detection limit). EVE 3A and EVE 3B were collected  a couple of meters apart, showing little 
variation. 
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Table 8 The estimated Kd values for each compound, for the different PFCs for the sampled 
water. n.d. = no data. 
Kd values (l/kg) 
Compounds EVE 3A EVE 3B EVE 4 EVE 5 EVE 6 EVE 7 
PFBA (4) < 18.9 < 19.3 568.5 33.5 < 31.8 n.d. 
PFBS (4) < 32.0 < 35.1 < 529.2 < 55.6 < 63.2 n.d. 
PFPeA (5) 9.5 9.5 < 48.0 21.9 < 5.1 n.d. 
PFHxA (6) 8.5 8.5 < 71.5 13.5 < 1166.7 n.d. 
PFHxS (6) 5.2 5.3 38.6 11.0 < 3.1 n.d. 
PFHpA (7) < 12.6 < 12.0 < 244.5 < 22.4 < 3770.5 n.d. 
6:2 FTS (8) < 1.5 < 1.5 < 26.2 8.9 < 3.6 n.d. 
PFOA (8) 4.0 4.1 < 95.3 29.1 < 1769.2 n.d. 
PFOS (8) 71.5 65.7 519.6 195.7 1.7 3122.6 
PFNA (9) < 28.6 < 25.5 < 1060.2 < 123.1 < 23165.5 n.d. 
8:2 FTS (10) < 75.8 < 110.6 n.d. n.d. n.d. n.d. 
PFDA (10) < 164.6 < 150.3 n.d. n.d. n.d. n.d. 
 
The Kd values decrease between chain length four and five. Then the values are quite stable until 
the compound PFOS, with eight carbons, is reached. The Kd value rapidly increases for PFOS 
and becomes tens of times higher. These findings indicate that the PFCs with chain lengths 
between PFBA (C4) and PFOS (C8) are quite mobile and be transported with water, while PFOS 
and PFBA will sorb strongly to the soil.  
 
In the sampling station for EVE 4, the conditions are much more sorbing than in the other 
stations. The Kd for PFOS are 25 times higher than in EVE 5 which has the second highest 
sorption conditions. The Kd value for PFBA is extremely high in EVE 4 (near 600l/kg). EVE 4 is 
also the only sample having a small Kd  peak at PFHxS (C6). In all sample, PFOS is the 
compound that best sorbs to soil, implying it to be less mobile than the other PFCs. In EVE 6 
most PFC concentrations are under the detection limit making it impossbile to determine the 
distribution coefficient (Figure 47). 
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Figure 47 Kd variations with carbon-chain length. 
 
Table 9 Soil organic carbon-water partitioning coefficient (Koc) for PFOS in the sampled 
water calculated from the Kd values. 
PFOS foc Koc 
EVE 3A 0.33 216.6 
EVE 3B 0.33 199 
EVE 4 0.338 1537.1 
EVE 5 0.183 1069.3 
EVE 6 0.006 278.3 
EVE 7 0.025 124903.2 
 
The Koc values for PFOS vary greatly between the six water samples collected in the area of 
interest (Table 9).  Compared to the Kd values, the Koc for EVE 6 and EVE 7 have increased in 
contrast to the values in the other water samples. The extremely high Koc value for EVE 7 is a 
result of the sampled water being lake water and not pore water. The cause for this is that the 
organic content in these samples are much lower than in the peat samples. The soil from EVE 5 
also contains less organic matter, while in EVE 3A, EVE 3B and EVE 4 the organic contents are 
nearly the same (around 33%).   
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4.2.2 Batch experiments 
The estimated Kd values for the PFCs in the batch experiments are shown in Table 10. PFOS is 
the compound with highest values for the distribution coefficient (except for PFBA in  EVE 4). 
The PFCs generally got higher values in EVE 4 than in the other samples and the sorption ability 
for PFBA is extremely high in EVE 4 with a Kd of 558.3l/kg. The lowest Kd for PFOS is found in 
EVE 2, which is sampled closest to the contamination source (training platform in BØF-A). EVE 
1.1, located in the north in BØF-A, has a high Kd value for PFNA (longest carbon chain PFC 
with concentration above the detection limit). In EVE 7, the only sample not consisting of peat, 
the PFC concentrations were under the detection limit, except for PFOS with a Kd value of 
148.3l/kg.  
 
Table 10 The estimated Kd values for the different PFCs in the batch experiments. n.d. = no 
data. 
Kd values (l/kg) 
Compound EVE 1.1 EVE 2 EVE 3.1 EVE 4 EVE 7 
PFBA (4) < 21.8 n.d. < 76.9 558.3 < 185.4 
PFBS (4) < 193.7 n.d. < 102.5 < 1240.2 n.d. 
PFPeA (5) 15.5 < 25.0 18.9 < 43.8 < 53.0 
PFHxA (6) 20.0 < 29.4 20.55 < 105.6 < 81.3 
PFHxS (6) 28.0 31.2 23.8 77.2 < 77.0 
PFHpA (7) < 26.9 < 61.7 < 28.1 < 298.6 < 175.1 
6:2 FTS (8) < 19.9 10.5 < 64.4 < 130.7 n.d. 
PFOA (8) 53.9 20.4 33.2 < 142.9 < 315.8 
PFOS (8) 327.9 92.9 200.3 548.4 148.3 
PFNA (9) 127.8 < 32.8 < 156 < 958.5 n.d 
8:2 FTS (10) n.d. n.d. n.d. n.d. n.d. 
PFDA (10) n.d. n.d. n.d. n.d. n.d. 
 
 
The general trend of Kd variation is a slight increase when the length of the carbon chain 
increases (when PFBA in EVE 4 is excluded). For PFOS the Kd value is several times higher than 
for the other PFCs (Figure 48). When differing  between the sampling stations, there are some 
variation in terms of sorption ability (Kd value). The sorption is stronger in the peat bog, which is 
indicated by high Kd values for EVE 4 (Figure 48). The Kd for PFOS exceeds 100l/kg for all 
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samples, except in EVE 2 where it is slightly below. The variation of Kd with chain length are 
similar to the batch samples and the collected samples. 
 
 
 
Figure 48 The Kd variations with carbon-chain length from the batch experiments. 
 
Table 11 Soil organic carbon-water partitioning coefficient (Koc) for PFOS in the batch 
experiment water calculated from the Kd values. 
PFOS foc Koc 
EVE 1.1 0.385 851.7 
EVE 2 0.323 287.6 
EVE 3.1 0.33 607 
EVE 4 0.338 1622.5 
EVE 7 0.025 5932.4 
 
The organic content in the soils used in the batch experiments is ranging between 32-39%, except 
for EVE 7 (Table 11). Therefore, the differences in PFOS distribution in the samples are not 
caused by different organic content. As mentioned, the EVE 7 sample contains lake water and 
together with a much lower organic content the soil organic carbon-water partitioning coefficient 
(Koc) becomes a great deal higher. 
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5 Discussion 
5.1 PFCs at Evenes Airport 
Water samples 
Six water samples were collected in the area of interest: starting near the source of contamination 
and then following the water flow direction into the lake, Lavangsvatnet, located West for BØF-
A. Logically, the concentration of PFCs are highest in the water sampled closest to the 
contamination source (EVE 3A and EVE 3B) and decreases as the distance from the source 
increases (Figure 20). PFOS is the most abundant compound in all of the water samples, which 
indicates either that the fire-fighting foams (AFFF) contained mostly PFOS or that this 
compound is less mobile than the other PFCs (Figure 21). The compounds with short carbon 
chains (≤C7) got weaker sorption and will therefore more easily be transported by flowing water. 
In recent years, the AFFFs have contained less PFOS (due to phasing out) and more of the shorter 
chain PFCs and it is therefore safe to assume that the high proportion of PFOS is due to lower 
mobility. Figure 21 also shows that the relative contribution of PFOS gets smaller in the samples 
collected further away from the source. Except for in the lake (EVE 7) which is probably because 
of the concentrations of the other PFCs being under the limit of detection. This figure are 
supporting the result of PFOS being less mobile. This is because more of the shorter chain PFCs 
are present within the water samples as time pass (as samples are collected further away from the 
source), while more of the PFOS still sorbs to the soil. 
 
The samples containing the highest PFC concentration have the lowest pH values. The reason for 
this could be that lower pH make better conditions for sorption (in soils) or dissolution (in water) 
of the PFCs. Another explanation is that the presence of PFCs lowers the pH. It has been shown 
that the sorption of PFOS is reduced as pH of sediments increases by Johnson et al. (2007). 
Because the variations in pH are quite low it is problably caused by dilution of the contaminated 
water as more rainwater is added. This will cause both the PFC concentration to decrease and 
may also increase the pH if the water is basic (above 7). In a study performed by Dreyer et al. 
(2011) it was suggested that the bog pH of 4 was not low enough to influence the adsorption of 
PFAA to peat, which also supports the finding of no obvious correlation between the pH values 
and PFC sorption, as in this study. Logically, the electro conductivity (EC) decrease as the 
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concentration of contaminants decrease which is caused by a reduction of ions present. These 
finding also support the process of dilution of the contaminated water. The highest mean EC 
value from the batch experiment is EVE 1.1, but the PFOS concentration is not highest in this 
sample. This high EC value is most likely caused by the presence of different elements, such as 
nitrate, aluminium and calcium (Appendix D).  
 
Soil samples 
A total number of 11 soil samples were collected from the area of interest at Evenes Airport. Five 
of the samples consist of peat and are very organic rich. Even if no obvious linear correlation 
between PFC sorption and TOC level can be established, the peat samples do contain several 
times higher PFC concentrations than the non-peat soils (which have a hundred times  lower 
TOC levels). This implies that the sorption is enhanced  by the presence of organic matter. The 
peat are has very much reaction surface and quite high water contents (194-494%), as well as a 
higher total nitrogen (TN) content than for the other soil samples (TN≈0%). The other soil 
samples consist of gravel, sand, silt and clay (mineral soil). These samples have much lower 
sorption abilities than peat (Figure 26 and Figure 28).  
 
Except for the organic levels being high in peat this soil type may also works as a sponge 
containing water and contaminants by providing numerous sorption sites. Supporting this 
assumption is that the concentrations found in thickest peat bog (EVE 4) are higher than in peat 
located closer to the contamination source (Figure 9). The highest PFC concentrations belongs to 
soil collected at EVE 2 which is located just outside the fire-fight training platform to Southwest. 
It is believed that this is a catchments for water run-off (dump in the natural terrain). The natural 
soil surface has been covered by a couple of meters of fill material. As this layer consists of sand 
and gravel it possess high permeability which allows water to flow through.  
 
From the collected soil samples it is clear that PFOS is the most abundant compound (Figure 27). 
In the sand, silt and clay soils PFOS is the only PFC above the detection limit and therefore the 
only PFC found in these samples. These observations corresponds to the previous findings of 
PFOS sorbing to the soil, while the other PFCs are being flushed out by water. 
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A linear correlation between PFOS concentration and TOC cannot be established based on the 
results. In solid phase, there might be a exponential relationship where a slight increase in 
percentages of TOC cause the PFOS concentration to become drastically larger, but the most 
likely explanation is that a few of the samples contain extremely high PFOS concentrations. The 
calcium content seems to increase linearly with increasing TOC (Figure 32). This supports the 
theory about some samples (e.g. EVE 4) containing extreme values and no a clear correlation 
between the concentration of PFOS and amount of TOC/DOC present. Higgins et al. (2006) did 
find a linear correlation between the sorption and the presence of organic matter. In addition, a 
linear correlation between sorption and pH was established (Figure 49). Seeing as they were 
working with environments mostly acidic (pH<7) it can be assumed that the TOC controls the 
sorption for pH below 7 and at neutral pH the sorption is mostly affected by electrostatic 
interactions with mineral surfaces. Similar assumptions have been made by  Ferrey et al. (2012). 
 
 
Figure 49 A) Dependence of interpolated distribution coefficients (Kd values) on sediment 
organic carbon (foc). B) Effects of increasing pH on anionic PFC distribution coefficients 
(after Higgins & Luthy, 2006). 
 
Figure 50 show that the sorption of PFDA and PFOS increases as the log concentration of 
calcium increases, sodium concentrations do not show the same effect (Higgins & Luthy, 2006). 
Nordskog (2012) also found a linear correlation between calcium and PFC concentration. The 
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results from this study do not indicate a linear correlation between sorption and calcium content, 
but with Ca
2+
 contents below 10 g/kg the amount of PFOS present is close to nothing (Figure 31). 
 
 
Figure 50 Effects of increasing concentrations of metal cations on anionic PFC distribution 
coefficients  (Higgins & Luthy, 2006). 
 
5.2 Batch experiments 
The general development of the relative PFC distribution in the batch experiments is that the 
relative amount of PFOS decreases as the distance from the source increase. Based on Figure 34 
the source (BØF-A) was located closest to EVE 2. EVE 1.1 and EVE 3.1 are approximately 
located the same distance from the source. The distance between BØF-A and EVE 4 is shorter 
than between the source and EVE 7.  
 
Batches containing peat samples  
The mean PFC concentration vary quite much between the peat samples (Figure 33). The highest 
batch water concentration (EVE 2) is approximately 18 times higher than the other peat sample 
batches (10 times for EVE 4). The cause of this batch water distribution is that the soils used in 
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the batches had fairly similar concentration distribution (Figure 26). In the EVE 2 soil the 
concentrations were about 2.4 times higher than for EVE 4, which is much lower compared to the 
batch experiment. These results suggest a nonlinear mobility behaviour for PFCs, where a small 
increase in soil concentrations gives much higher water concentrations.  
 
Lake sediments 
The amount of PFCs that have leached from the soil in the batch experiment for EVE 7 is ca. 320 
ng/l, which is very little compared to the peats. Figure 34 shows that PFOS makes up a smaller 
amount of the total sum of PFC in EVE 7 than in the other batches. About 30% of the PFCs in 
these triplicates have shorter carbon chains than PFOS. This implies a higher percentage of these 
PFCs in the lake sediment samples than in the peat samples. The lake sediments were sampled 
furthest away from the source of contamination which suggest that more of the smaller PFCs 
molecules (≤ C7) has been transported to this location, while PFOS has higher sorption abilities 
(supporting previous findings).  
 
5.3 Leaching behaviour of PFCs based on column 
experiments 
Difference in leaching behaviour for the selected PFCs 
The leaching behaviour are very different for many of the selected PFCs. The PFCs with carbon 
chains shorter than 7 atoms are more mobile than for instance PFOS (C8). The relative sum of the 
shorter chain PFCs are highest in the first leachate and rapidly increases with time (Figure 36B - 
41B). Because the relative concentration of PFOS increases with time it implies that this 
compound is the most retained of all the PFCs present. The differences in original PFC 
concentrations makes it difficult to decide whether longer carbon chains result in longer retention 
time. Many of the highest initial concentrations of PFCs have the shortest carbon chains (C5 and 
C6). The steepening of the slope is therefore used to determine how the chain length generally 
effects the leaching behaviour. The PFOA (C8) and PFNA (C9) are two of the longest chained 
PFCs. These compounds actually seem to increase slightly in the beginning and then decrease 
very slowly (Figure 36A - 41A). Their initial concentrations are very low which may also affect 
their solubility and thereby the leaching behaviour of these compounds. Two of the PFCs with 
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highest initial concentrations, PFPeA (C5) and PFHxS (C6), decrease quite rapidly in the 
beginning. Based on these observations, the PFCs with shortest carbon chains seem to leach out 
first and as the chain length increase the retention time increase. In a study by Gellrich & 
Knepper (2012) a clear correspondence between leaching and the PFCs' carbon chain length is 
established (Figure 6). Between chain length of 6 and 7 carbon atoms there is an obvious 
difference in the leaching behaviour. The same trend of chain length dependent leaching exists in 
the results for this study as well, but not as clear. There is a definite diffence in leaching between 
6 and 7 carbon chains (Figure 40A - 41B). 
 
Comparison of the parallel columns 
Mostly, the two columns collected in parallels show quite similar leachate concentrations. 
As for the columns from EVE 1 the ƩPFC are higher in column B than in column A. The 
leaching behaviour is fairly similar, except for 6:2 FTS. There is an increase in the concentration 
of this compound in EVE K-1A, but the same trend is not prominent in column B. The leaching 
behaviour in the columns from EVE 4 is also rather similar. The parallels collected at EVE 3 are 
the two columns which differs the most. Their initial concentrations of PFCs are about 200 ng/l 
higher in column A and the concentration decrease is more rapid than in EVE K-3B (Figure 38A 
and Figure 39A). The PFOS concentration trend is opposite for the three middle sampling weeks 
(Figure 44). At first, concentrations in column A decrease while in columns B they increase. 
More porevolumes are flushed through column B than A every week (Figure 38B and Figure 
39B). The concentration should therefore be higher in column B than in A in the first leachate 
and then become lower in B as the contamination is being flushed out. However, an opposite 
trend of PFOS leachate are prominent. The reason for this is probably due to heterogeneity in the 
field or that higher concentrations make the compound more soluble due to competition for the 
sorption sites. 
 
Soil influence of the leaching 
There are also some clear differences in the behaviour for the same compound between the six 
columns. The concentrations of PFCs in leachate sampled one week after starting the experiment 
(approximately 2 porevolumes) are different between the six columns. The highest initial 
concentrations are found in the parallels collected in EVE 3 and the lowest in the EVE 1 
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columns. The strongest concentration decline is found within the columns from EVE 1, followed 
by the columns from EVE 3. In the EVE 4 columns the decrease in concentrations is much more 
gentle. Apparently, the initial concentrations are not the only factor in the leaching behaviour of 
the PFCs, as the highest initial concentrations do not correspond to the most rapid decrease. The 
leaching behaviour is also affected by the soil type within the columns. The columns with 
shortest retention time are the ones containing the thinnest peat layer (from EVE 1), while the 
EVE 4 columns got the thickest peat layer and the longest retention time as well. As mentioned 
previously, peat soil provide better sorption condition than mineral soil, which also cause higher 
retention of the contaminants. How the leaching behaviour of the different PFCs is characterised, 
are a combination of type of PFC, initial concentration and which soils are present.  
 
Total amount of PFOS leached 
The soil containing the highest PFC concentrations leached the highest percentage of PFOS, 
while soil with the lowest concentrations of PFCs had the second highest percentage of leached 
PFOS (Figure 45). Both the batch experiments and the columns experiments containing soil from 
EVE 4 leached very little PFOS compared to the soils from the other sampling stations (Figure 
46). It is not possible to establish any clear relationship between the percentage of total PFOS 
leached and initial soil concentrations. From the batch experiments the peat sample from EVE 2 
leached most and the lake sediments from EVE 7 leached second most in percentage (Figure 45). 
The columns from EVE 1 and EVE 3 had approximately the same percentage of PFOS leachate, 
but the peat layer are about three times thicker in EVE 3 than EVE 1. The only assumption that 
can be made from these results is that the conditions in EVE 4 are exceptional with regard to 
sorbing and retaining contaminants. Because this sampling station is located in the middle of the 
peat bog where the soils are undisturbed and the peat layer is thickest here it is reasonable to 
assume that these conditions are caused by the soil type. The high percentage of leachate in 
batches from EVE 2 might be caused by the fact that the soil layers here have been disturbed by 
previous excavations. 
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Figure 51 Comparison of the PFOS leached (in pecentage) out of the columns and the 
batches.  
 
When comparing the total amount of leached PFOS from the columns and from the batches it is a 
clear difference in EVE 1 and EVE 2, while in EVE 4 the percentage leached are nearly the same 
(Figure 51). In the columns, non-contaminated Millipore water is continuously flushed through 
the soil, while in the batches water is only added once and might therefore have been saturated by 
contaminants. This is probably the reason for the vast difference in total amount of PFOS 
leachate. The small leachate percentage in EVE 4 in both the batch- and column experiments is 
somewhat unexpected. Less amount of porevolumes were flushed through these columns, but the 
retaining of PFOS is still very high compared to the other columns.  
 
Long-term leaching of PFOS 
The peat bog basin located West of the fire-fighting training area works as a reservoir for 
contaminants and PFOS has been measured at significant concentrations (Appendix B). The 
estimated amount of PFOS being stored in this basin is almost 43 kg (Table 7). It is quite a large 
amount considering that this basin is located outside BØF-A and all the stored PFOS must have 
been leaching to this area. The leaching rate was estimated using the water concentration in EVE 
5 and it will take approximately 68 years for all the PFOS to be eluted assuming a constant rate.  
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5.4 Sorption behaviour: Kd and Koc values 
Chain length influence 
The soil - water distribution coefficient (Kd) varies for the different PFCs as their carbon-chain 
varies in length. The PFCs with the longest carbon chain (≥C9) are under the detection limit and 
their Kd values can therefore not be determined. The Kd values are displayed in Table 8 and Table 
10. The Kd values are reduced between four carbon-chain length (PFBA) and five carbon-chain 
length (PFPeA) by a factor of 20.  For chain length between five carbons and eight carbons 
(PFOA) the distribution coefficients are quite stable with values close to 10. For PFOS (C8) the 
mean value is 663 and much higher than for any other of the detectable PFCs. The sorption of 
PFOS is very high which also supports previous finding of the concentration of PFOS being 
much higher relative to other PFCs. Unexpectedly, the PFC with shortest carbon-chain got the 
second highest mean distribution coefficient. Nordskog (2012) also made this unexpected 
discovery of higher Kd values for PFBA (C4) than for PFPeA (C5). According to these 
observations there cannot be established a clear linear relationship between PFC sorption and 
carbon-chain length. The PFCs with chain lengths between C5 (PFPeA) and C8 (PFOA) are not 
sorbing as well as PFBA and PFOS to the peat and will therefore be transported to the aquatic 
environment. The PFCs with the shortest and the longest carbon-chain over the detection limit 
(PFBA and PFOS) have high sorption abilities and it will take much more time for these 
compounds to be eluted.  
 
The Kd values from the batch experiments indicate a slight correlation between increasing 
carbon-chain length and increasing Kd values, when the extreme Kd  values for PFBA from EVE 
4 is excluded. This Kd value might be excluded because PFBA is only above the detection limit 
in EVE 4 and this area may have exceptionally good sorption conditions. PFOS sorption abilities 
are still outstanding and it's Kd values are much higher than for the other PFCs, in all the 
collected soils (Table 10). 
 
In 2006, a study, presented by Higgins & Luthy, showed an increase in Kd log unit of ~0.55 per 
additional CF2 group. This was based on measurements for PFCAs with carbon-chain tail of 
seven to 10 carbons. They also found similar increases for PFCAs with chain length between five 
carbons and 10 carbons of 0.45 (±0.04) and 0.51 (±0.04) per CF2 group in two different soils. C3-
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C4 PFCAs did not follow the same log Kd increase trend. The sorption of these compounds are 
much higher than predicted based on extrapolation of chain length-log Kd regressions (Guelfo & 
Higgins, 2013). Figure 52 shows the regressions of chain lengths and log Kd. 
 
 
Figure 52 Log Kd values for PFCAs of varying chain length in A, B, and C soils. Solid lines 
are regressions of chain length vs log Kd (r2 > 0.95) for C5−C10 (soils A and B) or C7−C9 
(soil C) PFCAs. Slopes of the solid lines are 0.45 (±0.04), 0.51 (±0.04), and 0.46 (±0.01) for 
the A, B, and C soils, respectively. Dashed lines are extrapolations of the regressions to the 
smaller chain lengths (Guelfo & Higgins, 2013). 
 
The finding of Higgins & Luthy (2006) correspond somewhat to the results in this study using 
field samples with high sorption abilities for C4 PFCs (PFBA and PFBS), then a very slight 
increase in Kd values with additional CF2 groups and a jump in the values for PFOS. In an article 
written by  Hansen et al. (2010) about remediation of water contaminated by PFCs by using 
activated carbon they found a close to linear correlation between PFC sorption and chain length 
(Figure 53). These results deviate from my findings, especially when it comes to the shorter chain 
PFCs (C4). It is difficult to say whether Kd values for other PFCs would have differed from mine 
because Hansen et al. only use 3-4 log Kd values. Also, C8 PFCs have higher values than C6 
which corresponds with results in this study for PFOS. 
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Figure 53 A: The relation between log KiF and chain length of the perfluorinated sulfonates 
(filled and empty triangle) and perfluorinated acids (filled and empty square). Closed 
symbols for values based on full isotherms, open symbols for values derived with less than 
three observations (after Hansen, et al., 2010). 
 
 
The significance of soil type: peat VS. other soils 
From the results it becomes obvious that the peat samples from Evenes are retaining of the PFCs 
much more the other collected soil samples (Figure 26). The other soil samples (sand, silt, clay 
and lake sediments) have PFC concentrations going from 6.9-50.7 µg/kg dw, while the 
concentrations in the peat samples ranges between 1180 µg/kg dw and 15700 µg/kg dw 
(Appendix B). Also the other soils only contain PFOS, while the peat samples have small 
concentrations of PFCs with shorter carbon-chains. This might be because the shorter chain PFCs 
have been completely washed out of the non-peat samples or because their concentrations are 
under the detection limit. Differences within the peat samples might be caused by the water flow 
direction, such as the high concentration in EVE 2, or because of very good sorption condition, as 
it might be in EVE 4. 
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Table 12 Published distribution coefficient (Kd and KOC) derived from laboratory 
experiments with the newest findings on top (after Zareitalabad, et al., 2013). 
Sample type log Kd log Koc References 
PFOS 
   Natural peat 2.4±0.3 2.9±0.3 This study 
Lavangvatnet lake sediments 2.2 3.8 This study 
Sand 1.3±0.1 3.4±0.4 Nordskog, 2012 
Organic rich forest soil 2.4±0.2 3.2±0.3 Nordskog, 2012 
Natural peat 2.3 2.7 Nordskog, 2012 
Average PFOS (log 1 kg-1) - 3 Zareitalabad, et al., 2013 
Sediment 1 1.2 4.7 Ahrens et al., 2011 
Sediment 2 1.2 3 Ahrens et al., 2011 
Sediment 3 1.9 3.8 Ahrens et al., 2011 
Taihu Lake - 2.9±0.6 Yang, et al., 2011 
Aquifer sediment Washington County (t=0) 0.1 2.5 Ferrey, et al., 2009 
Aquifer sediment Washington County (t= 574d) -0.7 2.8 Ferrey, et al., 2009 
Oil-derived black carbon (diesel soot) at 
pH=5.05 - 3.0-3.1 Chen, et al., 2009 
Crude oil spiked to soil - 4.2-4.4 Ferry, et al., 2010 
Paddy soil (0.91% Corg) - 3.3 Chen, et al., 2011 
Clay 18.3 2.8 3 M corp. Cited in Johnson, et al., 2007 
Clay loam 9.72 2.6 4 M corp. Cited in Johnson, et al., 2007 
Sandy loam 35.3 3.1 5 M corp. Cited in Johnson, et al., 2007 
River sediment 7.42 2.8 6 M corp. Cited in Johnson, et al., 2007 
Water treatment sludge 120 2.5 7 M corp. Cited in Johnson, et al., 2007 
Otttawa sand standard 2.81 - Johnson, et al., 2007 
Kaolinite 5.31 2.4 Johnson, et al., 2008 
Goethite 7.88 - Johnson, et al., 2009 
High iron sand sediment 8.9 - Johnson, et al., 2010 
Lake Michigan sediment 7.52 2.4-2.6 Johnson, et al., 2011 
Five sediments with Corg of 0.56-9.66% - 2.7 Higgins and Luthy, 2006 
 
 
 
   PFOA 
   Natural peat 1.5±0.2 2.0±0.2 This study 
Lavangvatnet lake sediments - - This study 
Sand - - Nordskog, 2012 
Organic rich forest soil 1.7±0.2 2.5±0.4 Nordskog, 2012 
Natural peat 1.3 1.6 Nordskog, 2012 
Average PFOA (log 1 kg-1) - 2.1 (2.8) Zareitalabad, et al., 2013 
Yangtse sediment CQ -0.77 1.5 Li, et al., 2012 
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Yangtse sediment ZG -0.62 1.4 Li, et al., 2012 
Yangtse sediment WH -0.72 1.3 Li, et al., 2012 
Yangtse sediment NJ -0.89 1.3 Li, et al., 2012 
Yangtse sediment CMW -0.82 1.3 Li, et al., 2012 
Yangtse sediment CME -0.92 1.6 Li, et al., 2012 
Liao river sediment - 2.3±0.4 Yang, et al., 2011 
Taihu Lake sediment - 2.3±0.6 Yang, et al., 2011 
Sediment 1 0.96 4.5 Ahrens et al., 2011 
Sediment 2 0.67 2.05 Ahrens et al., 2011 
Aquifer sediment Washington County (t=0) -0.01 3.5 Ferrey, et al., 2009 
Aquifer sediment Washington County (t= 574d) -1.16 2.3 Ferrey, et al., 2009 
Five sediments with Corg of 0.56-9.66% - 2.1 Higgins and Luthy, 2006 
 
 
The distribution coefficients, log Kd and log Koc, for PFOS and PFOA are significantly different 
with the different types of soil (Table 12). Log Kd and log Koc vary from 0.01  to 120 and 2.4 to 
4.7 for PFOS, respectively.  For PFOA the log Kd and log Koc ranges between -1.16-1.9 and 1.3-
2.9, respectively. The highest values for PFOS are in water treatment sludge and sandy loam, 
while the lowest are found in  aquifer sediments and kaolinite. PFOA has the highest values in 
organic rich forest soil and the lowest in aquifer sediment and Yangtse sediments. The 
distribution coefficient values from Table 12 do not indicate that some specific soil types provide 
better sorption conditions for PFOS, but for PFOA is seems like organic rich forest soil and 
natural peat show a higher sorption. According to these results it would seem like the amount of 
PFCs available is more important for the sorption than the environmental conditions. This is 
supported by a decrease in distribution coefficient values in the aquifer sediment after 574 days 
have passed (Ferrey, et al., 2012). In the study performed by Hansen et al. (2010) the sorption 
behaviour of PFCs to activated carbon was tested. They used activated carbon (AC) in powder 
form and granual form. Hansen et al. (2010) found that the sorption of PFCs was both stronger  
and faster with powder activated carbon than granual activated carbon (Figure 53). This is 
because of larger surface areas and shorter internal diffision distances with the smaller grained 
AC. The result from their study can be used to explain that one reason for better sorption of PFCs 
with peat than non-peat samples, as in this study, is larger surface for sorption.  Dreyer et al. 
(2012) show that most perfluoroalkyl acids (PFAAs) are not strongly retained, but more mobile 
within peat than it was expected due to the high organic carbon content (46%). In addition, they 
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found that the peat bog pH of 4 was not low enough to enhance the adsorption of PFAA to the 
peat. The findings of Dreyer et al. (2012) support the results of no obvious linear correlation 
between sorption and TOC level. 
 
Natural distribution values compared to experimental distribution values 
 
Figure 54 The field sample Kd values compared to the laboratory Kd values, for PFOS 
(l/kg). 
 
When a soil is shaken, as in the batch experiments, it is possible that the soil structure is 
destroyed which may influence the natural sorption conditions. In this study it is possible to 
compare the natural distribution coefficients to the experimental ones because some of the soil 
samples used in batch experiments, are collected at the same stations as some of the water 
samples (Figure 54). In Table 13 the natural and experimental Kd values and Koc values are 
compared.  
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Table 13 The mean distribution coefficients (Kd and Koc) for PFOS between the sampled 
soil and sampled water or sampled soil and batch experiment water. 
PFOS Natural Kd Experimental Kd Natural Koc Experimental Koc 
EVE 1.1   327.9   851.7 
EVE 2   92.9   287.6 
EVE 3A/ EVE 3.1 71.5 200.3 216.6 607.0 
EVE 3B 65.7   199.0   
EVE 4 519.6 548.4 1537.1 1622.5 
EVE 5 195.7   1069.3   
EVE 6 1.7   278.3   
EVE 7 3122.6 148.3 124903.2 5932.4 
 
In general it appears as if the distribution coefficients from the batch experiments are higher than 
the natural coefficients (except for EVE 7). This implies that the sorption becomes higher in the 
experimental soil than it is in the natural soil. An explanation can be, as mentioned previously, 
that the soil structure becomes broken which can provide more available sorption sites. As for 
EVE 7 the natural values are 20 times higher than the values from the batch experiments. The 
most logical explanation is that the collected soil in EVE 7 contains organic rich fragments with 
high PFC concentrations that originate from the peat bog, water transported it into the lake where 
it sank to the bottom. Then the water sampled from the lake, not having the same influences, will 
be much lower in PFC concentrations (strong dilution in the lake). In the batch experiments less 
amounts of water are in contact with the EVE 7 sediments and have therefore probably become 
much higher in concentrations than in the natural setting.  
 
5.5 Sources of error 
The main source of error is working with an actual field area and not only fixed experiments. 
There might be substantial heterogeneity differences in the field causing sampling error. 
Homogenisation of soil samples in the laboratory may also cause errors. Especially when 
working with peat samples which contain much organic matter, such as roots, that is difficult to 
remove.  
 
Another source of error is the analyzes for PFC. This is a very sensitive analysis. To avoid big 
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errors and for safety control of the data, the batch experiments were performed in triplicates and 
the column experiments in parallels. Other errors might by caused by miscalculations, typing 
mistakes or small differences when weighing in the materials, although the probability of these 
errors are quite small. 
 
6 Conclusion  
PFOS is clearly the most hazardous compound in the study area at Evenes Airport due to its 
extremely high concentration in the peat bog. It is the compound with highest relative 
concentration in all the samples, even though the relative concentrations of shorter PFCs increase 
as distance between sampled soil and source increases. This indicate that shorter PFCs are more 
mobile and will elute faster. The column experiments clearly show that PFOS is the compound 
that is most retained. PFCs with shorter carbon chains leach out first and between C6 and C7 
chains there is a apparent difference in the retention time. The compounds with longest chains 
that were present (PFOS, PFOA and PFNA) actually increase in leachate concentration before 
stabilizing. This is caused by the compound being retained until several porevolumes have 
flushed through. PFCs' leaching behaviour is influenced by the original soil concentration, type 
of perfluorinated compound and soil type. The total percentage of leached PFOS is higher in the 
column experiment than in the batch experiment, which is a result of the more water being 
leached through the soil columns on a water volume per soil mass basis. 
 
The Kd values differ for the selected PFCs. Going from C4 (PFBS) to C8 (PFOA) there is a slight 
increase in the values. For PFOS (C8) the Kd values increase strongly, and unexpectedly the 
values are higher for PFBA (C4) as well. The same unexpected discovery was made by Nordskog 
(2012). This study does not give clear indications of higher sorption with increasing carbon chain 
length. The peat soils are very organic rich and show much higher Kd values than the mineral 
soils (e.g. sand, silt, clay, lake sediment). Since the Koc values follow the same trend, the high 
distribution coefficient values for peat are not caused by the organic content level itself, rather the 
availability of sorption sites.  
  
In all the experiments the soil from the centre of the peat bog basin (EVE 4) has shown 
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exceptionally sorption and retention abilities. This is probably due to the peat layer being thick 
and undisturbed at this area. The bog is considered to be a reservoir for PFC and will be able to 
store contaminants for several years. The long-term leaching of this basin is estimated to be 68 
years if leaching continues at the present level without remediation. Based on the results, pH near 
neutral does not affect the sorption of the selected PFCs. A linear relationship between pH/EC 
and concentrations of PFCs is caused by dilution of the leachate water with rainwater from the 
surrounding area. 
 
Comparison between experimental Koc values from several studies, where different soils were 
tested, does not indicate a clear correlation with specific soiltypes resulting in better sorption. 
This is because the values are quite similar. The Kd values differ more which indicate that 
sorption has been affected by the presence of organic matter in many of the previous studies. 
From this study, the experimental distribution coefficients are generally higher than those based 
on field samples. This suggests that experimental values  might underestimate the contaminant 
mobility under field conditions.  
 
7 Recommendations for future work 
Several studies on PFCs exists. The knowledge on sorption and transport of selected PFCs in 
different type of soil are becoming quite good. This has resulted in many countries completely 
prohibiting the use of PFOS and PFOA, but their concentrations in the environment are still high. 
This implies that PFCs will affect the environment, e.g. ecosystems, for many years to come. 
PFCs are a group of compounds that are extremely stable in the environment and are proven to 
accumulate in biota. It has been suggested that intake of PFCs can cause a number of health 
issues, but  the knowledge in this area is still lacking and more information is needed to fully 
understand the effects. The knowledge on health issues related to PFOS exposure should be used 
together with information about PFC fate and transport to be able to make valid decisions about 
remediation measures to reduce the environmental impact. 
 
Future studies should focus on ways to remediate existing soil contamination. It is important to 
get a better understanding of which type of remediation is most efficient when removing PFCs 
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and how much the surrounding environment will be affected. What type of soil it would be 
feasible to remediate as some soils have much higher PFC sorption than others. The time span of 
PFOS elution is extensive enough to consider active remediation in Evenes Airport area. To best 
make this decision it is important to view all aspects, such as finances, how toxic these PFC 
concentrations area for the environment and if it is necessary to remove an ecosystem in order to 
prevent this contamination source to spread.   
 
In this study, as well as other studies, PFOS is clearly the dominating perfluorinated compound, 
which corresponds to previous finding as it has been a major compound in AFFF and less mobile 
than the PFCs with shorter chains (≤7). Because no replacement for PFCs have been found the 
usage of shorter PFCs is expected to increase in the future. Although PFC free AFFF has come 
on the market recently. 
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9 Appendices 
9.1 Appendix A: Sampling overview 
 
Figure 55 The youngest fire-fighting training field (BØF-A) platform in Southwest direction 
toward the lake, Lavangsvatnet.  
 
Figure 56 Approximately 2 meters off filling material was removed using an excavator 
before the underlying naturally sequenced soil layers were sampled (EVE 1).   
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Table 14 A simple overview of the location and a description of the sampling stations as well 
as what type of sample was collected at which station. 
Station Station description Samples 
Soil Column Water 
EVE 1 Located Northeast of cement platform in the middle of BØF-A. 
Approximately 150cm of fill material. 
X X  
EVE 2 Located Southwest of cement platform in the middle of BØF-A. 
Approximately 230cm of fill material.  
X   
EVE 3A Located Southwest of EVE 2 in the swampy area, inside the 
airport fence. 
X X X 
EVE 3B Located Southwest of EVE 2 in the swampy area, outside the 
airport fence. 
  X 
EVE 4 Located in the middle of the swampy area in the small river. X X X 
EVE 5 Located at the end of the river in a little pond of the river. X  X 
EVE 6 Located in the estuary. X  X 
EVE 7 Located approximately 5 meters into the lake. X  X 
 
 
Figure 57 Water samples were filtrated before taking the pH and electroconductivity 
measures. These are the sampling stations EVE 3A (left) and EVE 5 (rigth). 
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Table 15 An overview of type and amount  of different samples at their corresponding 
stamping stations.  
Stop Soil samples Water samples Description of soil samples 
EVE 1 - Six samples collected 
in plastic bags 
- Two column samples 
 - 1496,7g sand samples collected 
from a small pile placed by human  
- 1210,8g sample of very fine and 
organic rich peat 
- 1924,7g  sample of silty sand 
- 1953,5 sample of sandy sediments 
- 2032,2 sample of sand and gravel 
(1-2 cm in diameter) 
- 11730g sample of sand and peat 
mixed together 
EVE 2 - One sample collected 
in a plastic bag 
 - - 1005,6g sample of very fine and 
organic rich peat 
EVE 3a - Four samples 
collected in plastic 
bags 
- Two column samples 
- 1L bottle 
- 500mL bottle 
- 100mL bottle 
- 935,9g sample of very fine and 
organic rich peat 
- 1819,7g sample of silty/clay 
- 5425,0g sample of very fine and 
organic rich peat 
- 5483,5g sample of very fine and 
organic rich peat 
EVE 3b  - 1L bottle -  
EVE 4 - One sample collected 
in a plastic bag 
- 1L bottle 
- 500mL bottle 
- 100mL bottle 
- 6211,1g sample of very fine and 
organic rich peat, this sample was 
very moist due to the location (in the 
middle of the swamp) 
EVE 5 - One sample collected 
in a plastic bag 
- 1L bottle 
- 500mL bottle 
- 100mL bottle 
- 3190,0g sample of very organic rich 
peat including many roots and grass 
EVE 6 - One sample collected 
in a plastic bag 
- 1L bottle 
- 500mL bottle 
- 1863,2g sample of lake bottom 
sediments which were very fine 
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- 100mL bottle grained 
EVE 7 - One sample collected 
in a plastic bag, 
divided into two 
samples at the lab 
- 1L bottle 
- 500mL bottle 
- 100mL bottle 
- 1115,2g sample of lake bottom 
sediments, very fine grained 
- 357,4g sample of lake bottom 
sediments, quite organic rich 
 
 
Table 16 Information about how much the soils in the columns where compressed during 
the sampling. 
Column Height (cm) Inside length of space (cm) Outside length (cm) 
1A 87 35 27 
1B 87 29 22 
3A 88 30 25 
3B 88 35 25 
4A 88 51 32 
4B 87.5 48 30 
 
9.2 Appendix B: Soil samples 
 
Table 17 The water content, total nitrogen, carbon, organic carbon and inorganic carbon, 
total dry material and the concentrations of different elements and PFCs for soil samples. 
Parameter EVE 1.1 EVE 1.2 EVE 1.3 EVE 1.4 EVE 2 EVE 3.1 Unit 
Water content 313.1 22.4 20.5 17.1 194.9 378.6 W % 
Total nitrogen 2.52 0 0 0 1.68 2.22 TN % 
Total carbon 42.42 0.69 0.55 0.27 35.79 42.87 TC % 
Total organic carbon  38.5 0.7 0.5 0.2 32.3 33 TOC %  
Total inorganic carbon 3.92 -0.01 0.05 0.07 3.49 9.87 TIC % 
Total dry material (TS) 24 83 84 88 32 20 % 
Arsen (As) <2.2 2 2.1 2.2 <1.6 <2.5 mg/kg TS 
Bly (Pb) 17 3.3 3.3 2.6 12 19 mg/kg TS 
Kadmium (Cd) 0.18 0.013 <0.012 <0.012 0.15 0.17 mg/kg TS 
Kobber (Cu) 8.7 <0.97 3.9 <0.91 4 8.6 mg/kg TS 
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Krom (Cr) 3.8 2 14 4.6 4.6 5.5 mg/kg TS 
Nikkel (Ni) <4.3 0.002 0.002 0.001 0.052 0.08 mg/kg TS 
Sink (Zn) <43 <1.3 4.9 2.9 3.7 5.8 mg/kg TS 
Kvikksølv (Hg) 0.071 <13 14 13 <32 <50 mg/kg TS 
Aluminium (Al) 1300 1400 5200 3500 3900 2300 mg/kg TS 
Jern (Fe) 2500 4100 13000 10000 3700 6500 mg/kg TS 
Kalium (K) 350 340 470 630 310 700 mg/kg TS 
Kalsium (Ca) 41000 1100 2400 1700 25000 33000 mg/kg TS 
Magnesium (Mg) 1800 470 310 2400 970 2300 mg/kg TS 
Mangan (Mn) 210 130 73 84 27 230 mg/kg TS 
Natrium (Na) 130 44 4.9 50 140 200 mg/kg TS 
Silisium (Si) 750 360 270 200 1100 1500 mg/kg TS 
6:2 Fluortelomersulfonat (FTS) < 3.5 < 3.0 < 3.3 < 3.6 36.7 < 3.9 µg/kg tv 
8:2 Fluortelomersulfonat (FTS) < 4.7 < 3.9 < 4.4 < 4.9 < 44.0 < 5.2 µg/kg tv 
Perfluorbutansulfonat (PFBS) < 3.5 < 3.0 < 3.3 < 3.6 < 33.0 < 3.9 µg/kg tv 
Perfluorbutansyre (PFBA) < 2.4 < 2.0 < 2.2 < 2.4 42.7 < 2.6 µg/kg tv 
Perfluordekansyre (PFDA) 4.4 < 2.0 < 2.2 < 2.4 < 22.0 < 2.6 µg/kg tv 
Perfluorheksansulfonat (PFHxS) 15.9 < 3.0 < 3.3 < 3.6 83.6 17.9 µg/kg tv 
Perfluorheksansyre (PFHxA) 3.2 < 2.0 < 2.2 < 2.4 < 22.0 5.5 µg/kg tv 
Perfluorheptansyre (PFHpA) < 2.4 < 2.0 < 2.2 < 2.4 < 22.0 < 2.6 µg/kg tv 
Perfluornonansyre (PFNA) 3 < 2.0 < 2.2 < 2.4 < 22.0 < 2.6 µg/kg tv 
Perfluoroktansyre (PFOA) 8.8 < 2.0 < 2.2 < 2.4 32.3 2.7 µg/kg tv 
Perfluoroktylsulfonat (PFOS) 2350 27.5 8.1 3.3 15700 1780 µg/kg tv 
Perfluorpentansyre (PFPeA) 8.6 < 2.0 < 2.2 < 2.4 < 22.0 8 µg/kg tv 
Sum PFC forbindelser eksl. LOQ 2390 27.5 8.1 3.3 15900 1820 µg/kg tv 
Sum PFC forbindelser inkl. LOQ 2410 54.1 37.9 36.1 16100 1840 µg/kg tv 
Sum PFOS/PFOA eksl LOQ 2360 27.5 8.1 3.3 15800 1790 µg/kg tv 
Total PFOS/PFOA inkl LOQ 2360 29.4 10.3 5.8 15800 1790 µg/kg tv 
 
 
Table 18 The water content, total nitrogen, carbon, organic carbon and inorganic carbon, 
total dry material and the concentrations of different elements and PFCs for soil samples. 
Parameter EVE 3.2 EVE 4 EVE 5 EVE 6 EVE 7 Unit 
Vann innhold 24.7 291.8 494.1 24.9 263.3 W % 
Totalt nitrogen 0 3.06 0.79 0 0.3 TN % 
Totalt karbon 0.49 37.48 15.13 0.56 3.58 TC % 
Totalt organisk karbon  0.5 33.8 18.3 0.6 2.5 TOC %  
Totalt inorganisk karbon -0.01 3.68 -3.17 -0.04 1.08 TIC % 
Total tørrstoff 81 16 29 80 33 % 
Arsen (As) 1.5 <3.1 3.5 1 2 mg/kg TS 
 101 
 
Bly (Pb) 4.1 6.6 7.2 1.1 7.8 mg/kg TS 
Kadmium (Cd) 0.014 0.17 0.13 <0.013 0.11 mg/kg TS 
Kobber (Cu) 2.2 17 6.2 1 4.4 mg/kg TS 
Krom (Cr) 5.1 7.1 8.3 2.8 6.9 mg/kg TS 
Nikkel (Ni) 0.002 0.048 0.041 <0.001 0.014 mg/kg TS 
Sink (Zn) 2.3 32 6 2.6 5.3 mg/kg TS 
Kvikksølv (Hg) <13 <62 63 <13 36 mg/kg TS 
Aluminium (Al) 2800 3200 4700 2100 3500 mg/kg TS 
Jern (Fe) 6700 20000 37000 5100 8100 mg/kg TS 
Kalium (K) 680 340 1200 390 1000 mg/kg TS 
Kalsium (Ca) 1400 29000 17000 8900 5600 mg/kg TS 
Magnesium (Mg) 1600 1700 4800 3700 3100 mg/kg TS 
Mangan (Mn) 77 360 320 70 200 mg/kg TS 
Natrium (Na) 69 150 170 79 160 mg/kg TS 
Silisium (Si) 360 1500 810 120 750 mg/kg TS 
6:2 Fluortelomersulfonat (FTS) < 2.9 < 63.5 10.5 < 3.4 < 3.2 µg/kg tv 
8:2 Fluortelomersulfonat (FTS) < 3.8 < 84.7 < 4.8 < 4.5 < 4.3 µg/kg tv 
Perfluorbutansulfonat (PFBS) < 2.9 < 63.5 < 3.6 < 3.4 < 4.3 µg/kg tv 
Perfluorbutansyre (PFBA) < 1.9 83 2.8 < 2.2 < 2.2 µg/kg tv 
Perfluordekansyre (PFDA) < 1.9 < 42.3 < 2.4 < 2.2 < 2.2 µg/kg tv 
Perfluorheksansulfonat (PFHxS) < 2.9 99.3 15 < 3.4 < 3.2 µg/kg tv 
Perfluorheksansyre (PFHxA) < 1.9 < 42.3 4.5 < 2.2 < 2.2 µg/kg tv 
Perfluorheptansyre (PFHpA) < 1.9 < 42.3 < 2.4 < 2.2 < 2.2 µg/kg tv 
Perfluornonansyre (PFNA) < 1.9 < 42.3 < 2.4 < 2.2 < 2.2 µg/kg tv 
Perfluoroktansyre (PFOA) < 1.9 < 42.3 6.6 < 2.2 < 2.2 µg/kg tv 
Perfluoroktylsulfonat (PFOS) 50.7 6910 1180 6.9 48.4 µg/kg tv 
Perfluorpentansyre (PFPeA) < 1.9 < 42.3 11.3 < 2.2 < 2.2 µg/kg tv 
Sum PFC forbindelser eksl. LOQ 50.7 7090 1230 6.9 48.4 µg/kg tv 
Sum PFC forbindelser inkl. LOQ 76.7 7560 1250 37.1 77.5 µg/kg tv 
Sum PFOS/PFOA eksl LOQ 50.7 6910 1190 6.9 48.4 µg/kg tv 
Total PFOS/PFOA inkl LOQ 52.7 6950 1190 9.1 50.5 µg/kg tv 
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Figure 58 PFOS concentrations generally decreases towards EVE 7, but in the peat samples 
EVE 2 and EVE 4 there are peaks in the concentration. 
 
 
 
Figure 59 The concentrations of the different elements are highest in the peat samples, but 
the concentrations are of significant amount in the non-peat samples as well. Iron (Fe) and 
calcium (Ca) are of greatest concentrations.  
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9.3 Appendix C: Water samples 
 
Table 19 pH and EC measurements (measured in field and in the laboratory) and the 
concentrations of different elements and PFCs in the water samples. 
Parameter EVE 3A EVE 3B EVE 4 EVE 5 EVE 6 EVE 7 Unit 
pH field (⁰C) 6.74 ( 6.1) n.d. 7.5 (1.0) 7.12 (0.6) * 7.53 (1.0) 6,76 (?)  
pH Lab (⁰C) 6.69 (11.5) 6.72 (16.3) 7.38 (13,5) 7.56 (14.4) 7.58 (14.9) 7,75 (15)  
EC field(⁰C) 846 ( 6.5) n.d. 370 ( 0.8) 300 ( 0.7) 204 ( 4.3) 194 ( 4,7) µS/cm 
EC Lab (⁰C) 718 (8.7) 728 (13.5) 357 (13.7) 292 (14.5) 272 (14.9) 186,1 (14,6) µS/cm 
Klorid (Cl) 4.7  6.8 7.2 7.2 5.6 mg/l 
Sulfat (SO4) 61 61 28 19 18 6 mg/l 
Fosfat (PO4-P) 3.5  2.1 2.8 2.5 3.1 µg/l 
Nitrat (NO3-N) 320  50 63 66 36 µg/l 
Løst organisk karbon (DOC) 5.5  5.4 6.9 6.9 3.7 mg/l 
Arsen (As) ICP-MS 0.13  0.062 0.082 0.083 0.065 µg/l 
Bly (Pb) ICP-MS <0.01  <0.01 <0.01 <0.01 <0.01 µg/l 
Kadmium (Cd) ICP-MS 0.006  <0.004 <0.004 <0.004 <0.004 µg/l 
Kobber (Cu) ICP-MS <0.05  <0.05 <0.05 <0.05 <0.05 µg/l 
Krom (Cr) ICP-MS <0.05  <0.05 <0.05 <0.05 <0.05 µg/l 
Kvikksølv (Hg) <0.001  <0.001 <0.001 <0.001 <0.001 µg/l 
Nikkel (Ni) ICP-MS 0.76  0.21 0.15 0.23 0.29 µg/l 
Sink (Zn) ICP-MS 1.4  2.5 0.99 0.89 0.85 µg/l 
Aluminium (Al) 43  26 28 28 14 µg/l 
Jern (Fe) ICP-MS 74  27 36 34 7.4 µg/l 
Kalium (K) 15  7.6 5 4.8 1.1 mg/l 
Kalsium (Ca) 150  62 48 47 30 mg/l 
Magnesium (Mg) 8.9  6 5.5 5.4 4.6 mg/l 
Mangan (Mn) ICP-MS 46  1.9 1.2 1.2 0.56 µg/l 
Natrium (Na) 3.6  4.9 4.9 4.7 3.8 mg/l 
Silisium (Si) 1700  1400 1300 1200 610 µg/l 
6:2 Fluortelomersulfonat (FTS) 2680 2620 2420 1180 947 < 7.5 ng/l 
8:2 Fluortelomersulfonat (FTS) 68.6 47 < 10.0 < 10.0 < 10.0 < 10.0 ng/l 
Perfluorbutansulfonat (PFBS) 122 111 120 64.8 53.8 < 7.5 ng/l 
Perfluorbutansyre (PFBA) 138 135 146 83.7 69.1 < 5.0 ng/l 
Perfluordekansyre (PFDA) 15.8 17.3 < 5.0 < 5.0 < 5.0 < 5.0 ng/l 
Perfluorheksansulfonat (PFHxS) 3460 3370 2570 1370 1110 < 7.5 ng/l 
Perfluorheksansyre (PFHxA) 646 644 592 334 276 < 5.0 ng/l 
Perfluorheptansyre (PFHpA) 207 217 173 107 85.4 < 5.0 ng/l 
Perfluornonansyre (PFNA) 90.9 102 39.9 19.5 13.9 < 5.0 ng/l 
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Perfluoroktansyre (PFOA) 668 661 444 227 182 < 5.0 ng/l 
Perfluoroktylsulfonat (PFOS) 24900 27100 13300 6030 4140 15.5 ng/l 
Perfluorpentansyre (PFPeA) 845 846 881 515 431 < 5.0 ng/l 
Sum PFC forbindelser eksl. LOQ 33800 35800 20700 9930 7300 15.5 ng/l 
Sum PFC forbindelser inkl. LOQ 33800 35800 20700 9950 7320 83 ng/l 
Sum PFOS/PFOA eksl LOQ 25500 27700 13800 6260 4320 15.5 ng/l 
Total PFOS/PFOA inkl LOQ 25500 27700 13800 6260 4320 20.5 ng/l 
 
 
Figure 60 PFOS distribution in water through the field of interest  
 
 
Figure 61 Element concentrations in water samples (mg/l). 
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9.4 Appendix D: Batch experiments 
Table 20 The number filters needed to filtrate the different triplicates. 
Bottle name GF/D (2.7µm) GF/C (1.2µm) 
EVE 1.1A - 1 filter/600mL 
EVE 1.1B - 1 filter/600mL 
EVE 1.1C - 1 filter/600mL 
EVE 2A 2 filter/600mL 1 filter/600mL 
EVE 2B 1 filter/600mL 2 filter/600mL 
EVE 2C 2 filter/600mL 2 filter/600mL 
EVE 3.1A 1 filter/600mL 1 filter/600mL 
EVE 3.1B 1 filter/600mL 1 filter/600mL 
EVE 3.1C 1 filter/600mL 1 filter/600mL 
EVE 4A 2 filter/600mL 1 filter/600mL 
EVE 4B 2 filter/600mL 1 filter/600mL 
EVE 4C 2 filter/600mL 1 filter/600mL 
EVE 7A 500mL 2 filters 2 filters (1/100mL, 1/500mL GF/D) 
EVE 7B 300mL 1 filter 4 filters (1/300mL GF/D, 1/100mL) 
EVE 7C - 1 filter/100mL 
 
EVE 2B was first filtered through a GF/D filter and then this water was filtered with two GF/C 
filters (one for 500 mL and then one for the remaining 100 mL). The last batch (EVE 2C) was 
filtered with two GF/D filters and two GF/C filters (Table 20). Because of nicely parting between 
the soil and the water in all triplicates, EVE 3.1 (EVE 3.1A, EVE 3.1B and EVE 3.1C) could be 
filtered through one GF/D filter and then one GF/C filter. 
 
Table 21 pH and EC measurements and the concentrations of different elements and PFCs 
in the batch experiment water triplicates. The mean values and standard deviation of the 
triplicates are also displayed. 
Parameter Evenes 1.1-A Evenes 1.1-B Evenes 1.1-C Mean Std.dev. Unit 
pH (⁰C) 7.59 7.81 7.66 7.69 0.11  
EC (⁰C) 373 428 411 404.00 0.11 µS/cm 
Alkalitet til pH 4,5 3.9 4.6 4 4.17 0.38 mmol/l 
Klorid (Cl) 3.6 2.8 2.7 3.03 0.49 mg/l 
Sulfat (SO4) 10.2 10.2 <0.25 10.20 0.00 mg/l 
Fosfat (PO4-P) 11 82 15 36.00 39.89 µg/l 
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Nitrat (NO3-N) 8400 10000 8800 9066.67 832.67 µg/l 
Løst organisk karbon (DOC) 18 20 18 18.67 1.15 mg/l 
Arsen (As) ICP-MS 0.26 0.36 0.25 0.29 0.06 µg/l 
Bly (Pb) ICP-MS 1 0.35 0.56 0.64 0.33 µg/l 
Kadmium (Cd) ICP-MS 0.018 <0.01 0.01 0.01 0.01 µg/l 
Kobber (Cu) ICP-MS 7.6 12 6 8.53 3.11 µg/l 
Krom (Cr) ICP-MS 0.7 0.6 0.54 0.61 0.08 µg/l 
Kvikksølv (Hg) <0.005 <0.005 <0.005 #DIV/0! #DIV/0! µg/l 
Nikkel (Ni) ICP-MS 0.62 <0.5 <0.5 0.62 #DIV/0! µg/l 
Sink (Zn) ICP-MS 70 54 75 66.33 10.97 µg/l 
Aluminium (Al) 72 110 62 81.33 25.32 µg/l 
Jern (Fe) ICP-MS 57 74 46 59.00 14.11 µg/l 
Kalium (K) 2.3 3 2.7 2.67 0.35 mg/l 
Kalsium (Ca) 48 57 47 50.67 5.51 mg/l 
Magnesium (Mg) 2.7 3.3 2.7 2.90 0.35 mg/l 
Mangan (Mn) ICP-MS 5.1 2.5 3 3.53 1.38 µg/l 
Natrium (Na) 1.9 1.5 1.4 1.60 0.26 mg/l 
Silisium (Si) 610 620 510 580.00 60.83 µg/l 
6:2 Fluortelomersulfonat (FTS) 170 189 169 176.00 11.27 ng/l 
8:2 Fluortelomersulfonat (FTS) < 20.0 < 20.0 < 20.0 #DIV/0! #DIV/0! ng/l 
Perfluorbutansulfonat (PFBS) 18.2 18.6 17.4 18.07 0.61 ng/l 
Perfluorbutansyre (PFBA) 109 118 103 110.00 7.55 ng/l 
Perfluordekansyre (PFDA) < 10.0 < 10.0 < 10.0 #DIV/0! #DIV/0! ng/l 
Perfluorheksansulfonat (PFHxS) 572 569 564 568.33 4.04 ng/l 
Perfluorheksansyre (PFHxA) 160 163 156 159.67 3.51 ng/l 
Perfluorheptansyre (PFHpA) 95.4 89.4 82.6 89.13 6.40 ng/l 
Perfluornonansyre (PFNA) 24 22.4 24 23.47 0.92 ng/l 
Perfluoroktansyre (PFOA) 167 168 155 163.33 7.23 ng/l 
Perfluoroktylsulfonat (PFOS) 6840 7670 6990 7166.67 442.30 ng/l 
Perfluorpentansyre (PFPeA) 566 571 524 553.67 25.81 ng/l 
Sum PFC forbindelser eksl. LOQ 8720 9580 8780 9026.67 480.14 ng/l 
Sum PFC forbindelser inkl. LOQ 8750 9610 8810 9056.67 480.14 ng/l 
Sum PFOS/PFOA eksl LOQ 7010 7840 7140 7330.00 446.43 ng/l 
Total PFOS/PFOA inkl LOQ 7010 7840 7140 7330.00 446.43 ng/l 
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Table 22 pH and EC measurements and the concentrations of different elements and PFCs 
in the batch experiment water triplicates. The mean values and standard deviation of the 
triplicates are also displayed. 
Parameter Evenes 2-A Evenes 2-B Evenes 2-C Mean Std.dev. Unit 
pH (⁰C) 6.62 7.15 7.2 6.99 0.32  
EC (⁰C) 656 255 231 380.67 238.75 µS/cm 
Alkalitet til pH 4,5 0.72 0.74 0.72 0.73 0.01 mmol/l 
Klorid (Cl) 4 3.7 4 3.90 0.17 mg/l 
Sulfat (SO4) 94 93 93 93.33 0.58 mg/l 
Fosfat (PO4-P) 140 150 130 140.00 10.00 µg/l 
Nitrat (NO3-N) 9400 9900 9800 9700.00 264.58 µg/l 
Løst organisk karbon (DOC) 23 23 23 23.00 0.00 mg/l 
Arsen (As) ICP-MS 0.33 0.31 0.33 0.32 0.01 µg/l 
Bly (Pb) ICP-MS 4.1 1.5 1.8 2.47 1.42 µg/l 
Kadmium (Cd) ICP-MS 0.013 <0.01 <0.01 0.01 #DIV/0! µg/l 
Kobber (Cu) ICP-MS 20 7 11 12.67 6.66 µg/l 
Krom (Cr) ICP-MS 1.4 0.89 1.2 1.16 0.26 µg/l 
Kvikksølv (Hg) 0.008 <0.005 <0.005 0.01 #DIV/0! µg/l 
Nikkel (Ni) ICP-MS 1.3 <0.5 0.85 1.08 0.32 µg/l 
Sink (Zn) ICP-MS 120 94 110 108.00 13.11 µg/l 
Aluminium (Al) 420 250 300 323.33 87.37 µg/l 
Jern (Fe) ICP-MS 250 180 180 203.33 40.41 µg/l 
Kalium (K) 1.2 1.3 1.2 1.23 0.06 mg/l 
Kalsium (Ca) 32 30 29 30.33 1.53 mg/l 
Magnesium (Mg) 2.1 1.9 1.9 1.97 0.12 mg/l 
Mangan (Mn) ICP-MS 21 8.9 7.6 12.50 7.39 µg/l 
Natrium (Na) 1.8 2.2 2.3 2.10 0.26 mg/l 
Silisium (Si) 1200 1000 1000 1066.67 115.47 µg/l 
6:2 Fluortelomersulfonat (FTS) 3150 3160 4230 3513.33 620.67 ng/l 
8:2 Fluortelomersulfonat (FTS) < 200 < 200 < 200 #DIV/0! #DIV/0! ng/l 
Perfluorbutansulfonat (PFBS) < 150 < 150 < 150 #DIV/0! #DIV/0! ng/l 
Perfluorbutansyre (PFBA) < 100 < 100 < 100 #DIV/0! #DIV/0! ng/l 
Perfluordekansyre (PFDA) < 100 < 100 < 100 #DIV/0! #DIV/0! ng/l 
Perfluorheksansulfonat (PFHxS) 2540 2520 2970 2676.67 254.23 ng/l 
Perfluorheksansyre (PFHxA) 733 753 762 749.33 14.84 ng/l 
Perfluorheptansyre (PFHpA) 336 356 377 356.33 20.50 ng/l 
Perfluornonansyre (PFNA) 575 557 879 670.33 180.93 ng/l 
Perfluoroktansyre (PFOA) 1420 1460 1860 1580.00 243.31 ng/l 
Perfluoroktylsulfonat (PFOS) 140000 132000 235000 169000.00 57297.47 ng/l 
Perfluorpentansyre (PFPeA) 852 884 905 880.33 26.69 ng/l 
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Sum PFC forbindelser eksl. LOQ 149000 142000 247000 179333.33 58705.48 ng/l 
Sum PFC forbindelser inkl. LOQ 150000 142000 247000 179666.67 58449.41 ng/l 
Sum PFOS/PFOA eksl LOQ 141000 134000 237000 170666.67 57552.87 ng/l 
Total PFOS/PFOA inkl LOQ 141000 134000 237000 170666.67 57552.87 ng/l 
 
Table 23 pH and EC measurements and the concentrations of different elements and PFCs 
in the batch experiment water triplicates. The mean values and standard deviation of the 
triplicates are also displayed. 
Parameter Evenes 3.1-A Evenes 3.1-B Evenes 3.1-C Mean Std.dev. Unit 
pH (⁰C) 7.08 6.95 6.84 6.96 0.12  
EC (⁰C) 163.1 127.9 119 136.67 23.32 µS/cm 
Alkalitet til pH 4,5 0.98 0.89 0.66 0.84 0.17 mmol/l 
Klorid (Cl) 3.2 3.2 3.3 3.23 0.06 mg/l 
Sulfat (SO4) 24 25 26 25.00 1.00 mg/l 
Fosfat (PO4-P) 3.8 4.1 3.6 3.83 0.25 µg/l 
Nitrat (NO3-N) 4300 4600 3900 4266.67 351.19 µg/l 
Løst organisk karbon (DOC) 2.7 14 14 10.23 6.52 mg/l 
Arsen (As) ICP-MS 0.23 0.22 0.28 0.24 0.03 µg/l 
Bly (Pb) ICP-MS 0.76 0.72 0.85 0.78 0.07 µg/l 
Kadmium (Cd) ICP-MS <0.01 <0.01 <0.01 #DIV/0! #DIV/0! µg/l 
Kobber (Cu) ICP-MS 5.5 5.8 7.1 6.13 0.85 µg/l 
Krom (Cr) ICP-MS 0.93 0.89 1.1 0.97 0.11 µg/l 
Kvikksølv (Hg) <0.005 <0.005 <0.005 #DIV/0! #DIV/0! µg/l 
Nikkel (Ni) ICP-MS 0.57 0.74 0.53 0.61 0.11 µg/l 
Sink (Zn) ICP-MS 66 63 65 64.67 1.53 µg/l 
Aluminium (Al) 350 400 420 390.00 36.06 µg/l 
Jern (Fe) ICP-MS 320 310 360 330.00 26.46 µg/l 
Kalium (K) 1.7 1.9 1.8 1.80 0.10 mg/l 
Kalsium (Ca) 14 15 13 14.00 1.00 mg/l 
Magnesium (Mg) 1.7 1.7 1.4 1.60 0.17 mg/l 
Mangan (Mn) ICP-MS 4.1 4.3 4.8 4.40 0.36 µg/l 
Natrium (Na) 1.3 1.5 1.5 1.43 0.12 mg/l 
Silisium (Si) 1400 1600 1600 1533.33 115.47 µg/l 
6:2 Fluortelomersulfonat (FTS) 57.4 68.2 56.2 60.60 6.61 ng/l 
8:2 Fluortelomersulfonat (FTS) < 20.0 < 20.0 < 20.0 #DIV/0! #DIV/0! ng/l 
Perfluorbutansulfonat (PFBS) 39.2 38.4 36.6 38.07 1.33 ng/l 
Perfluorbutansyre (PFBA) 35.4 36.2 29.8 33.80 3.49 ng/l 
Perfluordekansyre (PFDA) < 10.0 < 10.0 < 10.0 #DIV/0! #DIV/0! ng/l 
Perfluorheksansulfonat (PFHxS) 781 745 734 753.33 24.58 ng/l 
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Perfluorheksansyre (PFHxA) 271 270 262 267.67 4.93 ng/l 
Perfluorheptansyre (PFHpA) 92 90.4 95 92.47 2.34 ng/l 
Perfluornonansyre (PFNA) 15.8 16.6 17.6 16.67 0.90 ng/l 
Perfluoroktansyre (PFOA) 86 78.2 79.8 81.33 4.12 ng/l 
Perfluoroktylsulfonat (PFOS) 9030 8630 9000 8886.67 222.79 ng/l 
Perfluorpentansyre (PFPeA) 433 434 403 423.33 17.62 ng/l 
Sum PFC forbindelser eksl. LOQ 10800 10400 10700 10633.33 208.17 ng/l 
Sum PFC forbindelser inkl. LOQ 10900 10400 10700 10666.67 251.66 ng/l 
Sum PFOS/PFOA eksl LOQ 9120 8710 9080 8970.00 226.05 ng/l 
Total PFOS/PFOA inkl LOQ 9120 8710 9080 8970.00 226.05 ng/l 
 
Table 24 pH and EC measurements and the concentrations of different elements and PFCs 
in the batch experiment water triplicates. The mean values and standard deviation of the 
triplicates are also displayed. 
Parameter Evenes 4-A Evenes 4-B Evenes 4-C Mean Std.dev. Unit 
pH (⁰C) 7.41 6.97 6.9 7.09 0.28  
EC (⁰C) 177.9 264 307 249.63 65.74 µS/cm 
Alkalitet til pH 4,5 3 3.1 3.2 3.10 0.10 mmol/l 
Klorid (Cl) 4 4.1 3.3 3.80 0.44 mg/l 
Sulfat (SO4) 15 17 15 15.67 1.15 mg/l 
Fosfat (PO4-P) <2 <2 <2 #DIV/0! #DIV/0! µg/l 
Nitrat (NO3-N) 1700 1400 1600 1566.67 152.75 µg/l 
Løst organisk karbon (DOC) 12 11 12 11.67 0.58 mg/l 
Arsen (As) ICP-MS <0.2 <0.2 <0.2 #DIV/0! #DIV/0! µg/l 
Bly (Pb) ICP-MS 0.49 0.5 0.33 0.44 0.10 µg/l 
Kadmium (Cd) ICP-MS <0.01 <0.01 <0.01 #DIV/0! #DIV/0! µg/l 
Kobber (Cu) ICP-MS 5.1 7.1 8 6.73 1.48 µg/l 
Krom (Cr) ICP-MS 0.57 0.71 <0.5 0.64 0.10 µg/l 
Kvikksølv (Hg) <0.005 <0.005 <0.005 #DIV/0! #DIV/0! µg/l 
Nikkel (Ni) ICP-MS <0.5 0.51 <0.5 0.51 #DIV/0! µg/l 
Sink (Zn) ICP-MS 65 97 59 73.67 20.43 µg/l 
Aluminium (Al) 56 56 42 51.33 8.08 µg/l 
Jern (Fe) ICP-MS 530 520 430 493.33 55.08 µg/l 
Kalium (K) 2.2 1.8 2.1 2.03 0.21 mg/l 
Kalsium (Ca) 29 35 30 31.33 3.21 mg/l 
Magnesium (Mg) 2.6 3 2.6 2.73 0.23 mg/l 
Mangan (Mn) ICP-MS 5.6 5.5 4.8 5.30 0.44 µg/l 
Natrium (Na) 2.7 2.5 2.2 2.47 0.25 mg/l 
Silisium (Si) 1500 2000 1600 1700.00 264.58 µg/l 
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6:2 Fluortelomersulfonat (FTS) 403 491 564 486.00 80.62 ng/l 
8:2 Fluortelomersulfonat (FTS) < 20.0 < 20.0 < 20.0 #DIV/0! #DIV/0! ng/l 
Perfluorbutansulfonat (PFBS) 53.4 50.4 49.8 51.20 1.93 ng/l 
Perfluorbutansyre (PFBA) 187 135 124 148.67 33.65 ng/l 
Perfluordekansyre (PFDA) < 10.0 < 10.0 < 10.0 #DIV/0! #DIV/0! ng/l 
Perfluorheksansulfonat (PFHxS) 1340 1280 1240 1286.67 50.33 ng/l 
Perfluorheksansyre (PFHxA) 441 382 379 400.67 34.96 ng/l 
Perfluorheptansyre (PFHpA) 156 137 132 141.67 12.66 ng/l 
Perfluornonansyre (PFNA) 46.2 42.4 43.8 44.13 1.92 ng/l 
Perfluoroktansyre (PFOA) 321 286 281 296.00 21.79 ng/l 
Perfluoroktylsulfonat (PFOS) 12000 13600 12200 12600.00 871.78 ng/l 
Perfluorpentansyre (PFPeA) 1120 908 869 965.67 135.07 ng/l 
Sum PFC forbindelser eksl. LOQ 16100 17300 15800 16400.00 793.73 ng/l 
Sum PFC forbindelser inkl. LOQ 16100 17300 15900 16433.33 757.19 ng/l 
Sum PFOS/PFOA eksl LOQ 12300 13900 12400 12866.67 896.29 ng/l 
Total PFOS/PFOA inkl LOQ 12300 13900 12400 12866.67 896.29 ng/l 
 
Table 25 pH and EC measurements and the concentrations of different elements and PFCs 
in the batch experiment water triplicates. The mean values and standard deviation of the 
triplicates are also displayed. 
Parameter Evenes 7-A Evenes 7-B Evenes 7-C Mean Std.dev. Unit 
pH (⁰C) 7.31 7.14 7.29 7.69 0.11  
EC (⁰C) 263 255 141.3 404.00 28.16 µS/cm 
Alkalitet til pH 4,5 1.6 1.6 1.6 1.60 0.00 mmol/l 
Klorid (Cl) 3.9 4.5 5.9 4.77 1.03 mg/l 
Sulfat (SO4) 38 47.8 34.8 40.20 6.77 mg/l 
Fosfat (PO4-P) 4.1 6.5 3.9 4.83 1.45 µg/l 
Nitrat (NO3-N) 2100 2200 2100 2133.33 57.74 µg/l 
Løst organisk karbon (DOC) 5.3 8.1 5.7 6.37 1.51 mg/l 
Arsen (As) ICP-MS 0.33 0.44 0.34 0.37 0.06 µg/l 
Bly (Pb) ICP-MS 0.39 1 0.42 0.60 0.34 µg/l 
Kadmium (Cd) ICP-MS 0.024 0.03 0.025 0.03 0.00 µg/l 
Kobber (Cu) ICP-MS 8.2 7.8 12 9.33 2.32 µg/l 
Krom (Cr) ICP-MS 1.1 1.7 0.77 1.19 0.47 µg/l 
Kvikksølv (Hg) <0.001 <0.001 <0.001 #DIV/0! #DIV/0! µg/l 
Nikkel (Ni) ICP-MS 1.2 1.7 1.1 1.33 0.32 µg/l 
Sink (Zn) ICP-MS 200 200 140 180.00 34.64 µg/l 
Aluminium (Al) 450 1300 490 746.67 479.62 µg/l 
Jern (Fe) ICP-MS 220 660 150 343.33 276.47 µg/l 
Kalium (K) 1.9 1.8 1.5 1.73 0.21 mg/l 
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Kalsium (Ca) 38 38 37 37.67 0.58 mg/l 
Magnesium (Mg) 8.9 9 9.4 9.10 0.26 mg/l 
Mangan (Mn) ICP-MS 14 20 16 16.67 3.06 µg/l 
Natrium (Na) 5.3 4.9 7.2 5.80 1.23 mg/l 
Silisium (Si) 9200 17000 10000 12066.67 4291.08 µg/l 
6:2 Fluortelomersulfonat (FTS) < 7.5 < 7.5 < 7.5 #DIV/0! #DIV/0! ng/l 
8:2 Fluortelomersulfonat (FTS) < 10.0 < 10.0 < 10.0 #DIV/0! #DIV/0! ng/l 
Perfluorbutansulfonat (PFBS) < 7.5 < 7.5 < 7.5 #DIV/0! #DIV/0! ng/l 
Perfluorbutansyre (PFBA) 12.1 12.1 11.4 11.87 0.40 ng/l 
Perfluordekansyre (PFDA) < 5.0 < 5.0 < 5.0 #DIV/0! #DIV/0! ng/l 
Perfluorheksansulfonat (PFHxS) 42.9 41 40.8 41.57 1.16 ng/l 
Perfluorheksansyre (PFHxA) 28.2 27.4 25.6 27.07 1.33 ng/l 
Perfluorheptansyre (PFHpA) 12.5 13 12.2 12.57 0.40 ng/l 
Perfluornonansyre (PFNA) < 5.0 < 5.0 < 5.0 #DIV/0! #DIV/0! ng/l 
Perfluoroktansyre (PFOA) 7.4 6.9 6.6 6.97 0.40 ng/l 
Perfluoroktylsulfonat (PFOS) 356 293 330 326.33 31.66 ng/l 
Perfluorpentansyre (PFPeA) 43.9 40.8 39.8 41.50 2.14 ng/l 
Sum PFC forbindelser eksl. LOQ 503 434 466 467.67 34.53 ng/l 
Sum PFC forbindelser inkl. LOQ 538 469 501 502.67 34.53 ng/l 
Sum PFOS/PFOA eksl LOQ 364 300 336 333.33 32.08 ng/l 
Total PFOS/PFOA inkl LOQ 364 300 336 333.33 32.08 ng/l 
 
 
Figure 62 PFOS is clearly the most dominated PFC in batch EVE 1.1 (ng/l).  
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9.5 Appendix E: Column experiments 
 
Table 26 The concentrations of different elements and PFCs in the column experiment 
water one week after starting.  
Week 1 Evenes K-1 
A-1 
Evenes K-1 
B-1 
Evenes K-3 
A-1 
Evenes K-
3 B-1 
Evenes K-4 
A-1 
Evenes K-4 
B-1 
 
Alkalitet til pH 4,5 1 1.6 1.3 1.6 1.3 0.94 mmol/l 
Klorid (Cl) 1.9 2.1 3.9 2.6 3 3.3 mg/l 
Sulfat (SO4) 12.6 18.3 59.6 59.7 142 369 mg/l 
Fosfat (PO4-P) <2 <2 2.8 <2 2.5 2.5 µg/l 
Nitrat (NO3-N) 3500 4100 1000 160 930 160 µg/l 
Løst organisk karbon (DOC) 8.5 8 11 8.7 8.2 8.6 mg/l 
Arsen (As), oppsluttet ICP-MS 0.31 0.27 0.84 0.48 0.92 2.3 µg/l 
Bly (Pb), oppsluttet ICP-MS 0.59 1.4 0.39 0.41 0.12 0.24 µg/l 
Kadmium (Cd), oppsluttet ICP-MS 0.0096 < 0.0040 0.0086 0.012 0.0058 0.04 µg/l 
Kobber (Cu), oppsluttet ICP-MS 4 2.4 7.6 3.7 4 4.5 µg/l 
Krom (Cr), oppsluttet ICP-MS 0.76 0.55 0.65 0.57 0.37 0.18 µg/l 
Kvikksølv (Hg), oppsluttet <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 µg/l 
Nikkel (Ni), oppsluttet ICP-MS 1.1 1.1 0.072 0.068 1.6 < 0.050 µg/l 
Sink (Zn), oppsluttet ICP-MS 19 9.3 22 20 29 38 µg/l 
Aluminium (Al), oppsluttet 170 98  110 47 24 µg/l 
Jern (Fe), oppsluttet ICP-MS 630 390 2800 2100 55 54 µg/l 
Kalium (K), oppsluttet 6.1 7.3 10 13 5.3 8 mg/l 
Kalsium (Ca), oppsluttet 26 37 44 47 68 160 mg/l 
Magnesium (Mg), oppsluttet 1.8 2.6 2.9 3 6.4 13 mg/l 
Mangan (Mn), oppsluttet ICP-MS 8.9 19 330 300 19 50 µg/l 
Natrium (Na), oppsluttet 2.8 3.3 3.2 3 4.6 6.1 mg/l 
Silisium (Si), oppsluttet 770 870 1400 1100 1400 1300 µg/l 
6:2 Fluortelomersulfonat (FTS) < 15.0 < 15.0 311 501 79.5 78 ng/l 
8:2 Fluortelomersulfonat (FTS) < 20.0 < 20.0 27.3 42.4 < 20.0 < 20.0 ng/l 
Perfluorbutansulfonat (PFBS) < 15.0 < 15.0 56.6 51.2 27.8 27.6 ng/l 
Perfluorbutansyre (PFBA) 17.3 28.2 87.9 65.4 95.9 94.7 ng/l 
Perfluordekansyre (PFDA) < 10.0 < 10.0 < 10.0 < 10.0 < 10.0 < 10.0 ng/l 
Perfluorheksansulfonat (PFHxS) 284 357 1160 956 519 395 ng/l 
Perfluorheksansyre (PFHxA) 55.2 89.3 488 393 225 195 ng/l 
Perfluorheptansyre (PFHpA) 28.2 46.2 151 115 77.9 74.5 ng/l 
Perfluornonansyre (PFNA) 12.8 < 10.0 41.8 46.1 17.9 14.1 ng/l 
Perfluoroktansyre (PFOA) 56.4 75.3 187 178 105 65.8 ng/l 
Perfluoroktylsulfonat (PFOS) 1320 378 17700 18100 2440 2130 ng/l 
 113 
 
Perfluorpentansyre (PFPeA) 92 165 755 560 561 503 ng/l 
Sum PFC forbindelser eksl. LOQ 1860 1140 21000 21000 4150 3580 ng/l 
Sum PFC forbindelser inkl. LOQ 1920 1210 21000 21000 4180 3610 ng/l 
Sum PFOS/PFOA eksl LOQ 1370 453 17900 18200 2550 2190 ng/l 
Total PFOS/PFOA inkl LOQ 1370 453 17900 18200 2550 2190 ng/l 
 
Table 27 The concentrations of different elements and PFCs in the column experiment 
water two weeks after starting. 
Week 2 Evenes K-
1A-2 
Evenes K-
1B-2 
Evenes K-
3A-2 
Evenes K-
3B-2 
Evenes K-
4A-2 
Evenes K-
4B-2 
 
Alkalitet til pH 4,5 0.54 0.74 0.64 0.65 1.0 0.84 mmol/l 
Klorid (Cl) 0.60 0.60 1.6 1.00 1.3 1.4 mg/l 
Sulfat (SO4) 0.96 1.24 4.52 13.5 20.0 83.4 mg/l 
Fosfat (PO4-P) <2 <2 6.7 <2 2.4 <2 µg/l 
Nitrat (NO3-N) 180 280 <5 25 <5 <5 µg/l 
Løst organisk karbon (DOC) 8.8 7.6 11 7.6 7.0 7.8 mg/l 
Arsen (As), oppsluttet ICP-MS 0.37 0.60 0.85 0.64 2.4 2.1 µg/l 
Bly (Pb), oppsluttet ICP-MS 0.56 0.82 0.50 0.96 < 0.20 0.71 µg/l 
Kadmium (Cd), oppsluttet ICP-
MS 
< 0.010 < 0.010 0.021 0.022 0.010 < 0.010 µg/l 
Kobber (Cu), oppsluttet ICP-MS 4.7 5.3 1.6 3.9 2.9 6.4 µg/l 
Krom (Cr), oppsluttet ICP-MS 1.2 1.6 1.1 0.98 < 0.50 < 0.50 µg/l 
Kvikksølv (Hg), oppsluttet 0.009 0.012 0.010 0.009 0.009 < 0.005 µg/l 
Nikkel (Ni), oppsluttet ICP-MS 1.7 2.0 1.3 1.0 2.1 0.90 µg/l 
Sink (Zn), oppsluttet ICP-MS 28 24 80 27 25 69 µg/l 
Aluminium (Al), oppsluttet 240 290 340 220 68 61 µg/l 
Jern (Fe), oppsluttet ICP-MS 920 1300 1300 1100 120 150 µg/l 
Kalium (K), oppsluttet 3.4 4.2 3.9 5.5 3.1 3.6 mg/l 
Kalsium (Ca), oppsluttet 10 14 13 16 26 52 mg/l 
Magnesium (Mg), oppsluttet 0.75 0.98 0.85 0.92 2.4 4.3 mg/l 
Mangan (Mn), oppsluttet ICP-MS 12 14 82 96 7.0 20 µg/l 
Natrium (Na), oppsluttet 1.1 1.5 2.3 0.97 2.5 3.7 mg/l 
Silisium (Si), oppsluttet 710 850 1200 1100 890 900 µg/l 
6:2 Fluortelomersulfonat (FTS) 47.8 < 15.0 52.0 59.8 72.7 66.2 ng/l 
8:2 Fluortelomersulfonat (FTS) < 20.0 < 20.0 < 20.0 24.3 < 20.0 < 20.0 ng/l 
Perfluorbutansulfonat (PFBS) < 15.0 < 15.0 < 15.0 < 15.0 16.8 16.7 ng/l 
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Perfluorbutansyre (PFBA) < 10.0 13.5 18.2 11.9 80.0 76.6 ng/l 
Perfluordekansyre (PFDA) < 10.0 < 10.0 < 10.0 < 10.0 < 10.0 < 10.0 ng/l 
Perfluorheksansulfonat (PFHxS) 67.8 59.1 470 295 461 399 ng/l 
Perfluorheksansyre (PFHxA) 19.3 18.6 150 113 166 154 ng/l 
Perfluorheptansyre (PFHpA) 17.0 13.6 65.2 42.0 68.0 69.4 ng/l 
Perfluornonansyre (PFNA) 20.4 25.4 27.4 24.6 23.0 16.9 ng/l 
Perfluoroktansyre (PFOA) 38.9 56.6 83.7 64.0 119 79.2 ng/l 
Perfluoroktylsulfonat (PFOS) 3120 2740 20000 12300 4790 3840 ng/l 
Perfluorpentansyre (PFPeA) 60.5 73.5 258 182 521 432 ng/l 
Sum PFC forbindelser eksl. LOQ 3390 3000 21100 13100 6320 5150 ng/l 
Sum PFC forbindelser inkl. LOQ 3440 3060 21100 13100 6350 5180 ng/l 
Sum PFOS/PFOA eksl LOQ 3160 2800 20000 12300 4910 3920 ng/l 
Total PFOS/PFOA inkl LOQ 3160 2800 20000 12300 4910 3920 ng/l 
 
Table 28 The concentrations of different elements and PFCs in the column experiment 
water three weeks after starting. 
Week 3 Evenes K-
1A-3 
Evenes K-
1B-3 
Evenes K-
3A-3 
Evenes K-
3B-3 
Evenes K-
4A-3 
Evenes K-
4B-3 
 
Alkalitet til pH 4,5 0.36 0.48 0.36 0.28 0.6 0.58 mmol/l 
Klorid (Cl) 0.73 0.62 0.81 1.5 0.94 0.93 mg/l 
Sulfat (SO4) 0.25 0.56 1.48 6.14 8.18 33.5 mg/l 
Fosfat (PO4-P) <2 2.1 9.6 <2 <2 <2 µg/l 
Nitrat (NO3-N) 1200 1400 1600 4500 3600 1600 µg/l 
Løst organisk karbon (DOC) 7.3 6.9 9.0 8.4 7.0 8.2 mg/l 
Arsen (As), oppsluttet ICP-MS 0.28 0.25 0.83 0.57 2.3 2.0 µg/l 
Bly (Pb), oppsluttet ICP-MS 0.58 0.37 1.5 0.67 < 0.20 < 0.20 µg/l 
Kadmium (Cd), oppsluttet ICP-
MS 
0.010 < 0.010 0.027 <0.010 < 0.010 0.019 µg/l 
Kobber (Cu), oppsluttet ICP-MS 7.4 6.3 8.8 8.0 5.5 7.3 µg/l 
Krom (Cr), oppsluttet ICP-MS 1.3 0.89 1.1 0.99 0.99 < 0.50 µg/l 
Kvikksølv (Hg), oppsluttet 0.018 0.012 0.010 0.011 0.012 0.010 µg/l 
Nikkel (Ni), oppsluttet ICP-MS 1.7 1.6 0.80 1.1 1.6 0.90 µg/l 
Sink (Zn), oppsluttet ICP-MS 32 28 30 84 37 29 µg/l 
Aluminium (Al), oppsluttet 210 160 330 180 80 100 µg/l 
Jern (Fe), oppsluttet ICP-MS 670 630 1500 1100 190 220 µg/l 
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Kalium (K), oppsluttet 2.8 3.3 3.2 3.9 2.0 2.0 mg/l 
Kalsium (Ca), oppsluttet 8.8 11 9.5 13 17 27 mg/l 
Magnesium (Mg), oppsluttet 0.60 0.73 0.60 0.70 1.6 2.3 mg/l 
Mangan (Mn), oppsluttet ICP-MS 11 13 60 79 2.3 4.9 µg/l 
Natrium (Na), oppsluttet 1.1 0.92 0.70 1.8 1.4 1.6 mg/l 
Silisium (Si), oppsluttet 560 600 950 810 780 780 µg/l 
6:2 Fluortelomersulfonat (FTS) < 15.0 < 15.0 18.4 29.9 43.0 49.6 ng/l 
8:2 Fluortelomersulfonat (FTS) < 20.0 < 20.0 < 20.0 26.7 < 20.0 < 20.0 ng/l 
Perfluorbutansulfonat (PFBS) < 15.0 < 15.0 < 15.0 < 15.0 < 15.0 < 15.0 ng/l 
Perfluorbutansyre (PFBA) < 10.0 < 10.0 < 10.0 11.1 49.8 41.4 ng/l 
Perfluordekansyre (PFDA) < 10.0 < 10.0 < 10.0 < 10.0 < 10.0 < 10.0 ng/l 
Perfluorheksansulfonat (PFHxS) 22.9 27.9 83.3 178 286 299 ng/l 
Perfluorheksansyre (PFHxA) < 10.0 < 10.0 29.6 64.6 95.8 93.5 ng/l 
Perfluorheptansyre (PFHpA) < 10.0 < 10.0 12.4 24.0 35.9 42.5 ng/l 
Perfluornonansyre (PFNA) 15.7 21.2 15.7 25.5 26.3 21.8 ng/l 
Perfluoroktansyre (PFOA) 17.3 12.4 21.3 36.4 89.1 69.1 ng/l 
Perfluoroktylsulfonat (PFOS) 3570 5810 15200 13100 5330 4700 ng/l 
Perfluorpentansyre (PFPeA) 14.1 15.8 40.1 91.4 262 225 ng/l 
Sum PFC forbindelser eksl. LOQ 3640 5880 15400 13600 6210 5540 ng/l 
Sum PFC forbindelser inkl. LOQ 3730 5970 15400 13600 6260 5590 ng/l 
Sum PFOS/PFOA eksl LOQ 3590 5820 15200 13200 5420 4770 ng/l 
Total PFOS/PFOA inkl LOQ 3590 5820 15200 13200 5420 4770 ng/l 
 
Table 29 The concentrations of different elements and PFCs in the column experiment 
water four weeks after starting. 
Week 4 Evenes K-1 
A-4 
Evenes K-1 
B-4 
Evenes K-3 
A-4 
Evenes K-3 
B-4 
Evenes K-4 
A-4 
Evenes K-4 
B-4 
 
Alkalitet til pH 4,5 0.17 0.32 0.17 0.37 0.68 0.31 mmol/l 
Klorid (Cl) 0.61 0.64 0.73 0.82 0.75 0.93 mg/l 
Sulfat (SO4) 0.13 0.22 1.32 3.51 3.51 15.1 mg/l 
Fosfat (PO4-P) <2 <2 8.5 2.0 3.3 <2 µg/l 
Nitrat (NO3-N) 3900 3100 3800 2900 1800 4900 µg/l 
Løst organisk karbon 
(DOC) 
6.6 6.2 6.8 9.0 6.4 8.6 mg/l 
Arsen (As) ICP-MS 0.27 0.36 0.68 0.60 2.2 1.9 µg/l 
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Bly (Pb) ICP-MS 0.34 0.34 0.45 0.50 0.15 0.22 µg/l 
Kadmium (Cd) ICP-MS < 0.080 0.0058 0.0067 0.019 0.0076 <0.0040 µg/l 
Kobber (Cu) ICP-MS 6.7 5.3 7.0 6.3 4.9 3.6 µg/l 
Krom (Cr) ICP-MS 0.56 0.62 0.76 0.91 0.46 0.37 µg/l 
Kvikksølv (Hg) 0.001 0.001 <0.001 <0.001 <0.001 <0.001 µg/l 
Nikkel (Ni) ICP-MS 0.68 0.98 0.28 0.30 1.1 0.52 µg/l 
Sink (Zn) ICP-MS 38 32 32 31 33 35 µg/l 
Aluminium (Al) ICP-MS 120 110 200 230 49 110 µg/l 
Jern (Fe) ICP-MS 360 330 1200 1100 170 210 µg/l 
Kalium (K) 2.7 3.1 2.7 3.7 1.6 1.5 mg/l 
Kalsium (Ca) 8.0 9.9 8.4 12 15 17 mg/l 
Magnesium (Mg) 0.53 0.67 0.55 0.65 1.4 1.5 mg/l 
Mangan (Mn) ICP-MS 6.8 14 48 73 2.0 3.8 µg/l 
Natrium (Na) 0.47 0.58 0.46 0.55 0.91 1.2 mg/l 
Silisium (Si) 470 530 720 800 620 700 µg/l 
6:2 Fluortelomersulfonat 
(FTS) 
< 15.0 < 15.0 23.7 41.3 36.3 43.1 ng/l 
8:2 Fluortelomersulfonat 
(FTS) 
< 20.0 < 20.0 < 20.0 36.2 < 20.0 < 20.0 ng/l 
Perfluorbutansulfonat 
(PFBS) 
< 15.0 < 15.0 < 15.0 < 15.0 < 15.0 < 15.0 ng/l 
Perfluorbutansyre (PFBA) < 10.0 < 10.0 < 10.0 18.0 39.7 39.6 ng/l 
Perfluordekansyre (PFDA) < 10.0 < 10.0 < 10.0 < 10.0 < 10.0 < 10.0 ng/l 
Perfluorheksansulfonat 
(PFHxS) 
< 15.0 19.0 84.0 268 209 233 ng/l 
Perfluorheksansyre 
(PFHxA) 
< 10.0 < 10.0 33.8 98.6 70.3 71.7 ng/l 
Perfluorheptansyre 
(PFHpA) 
< 10.0 < 10.0 14.4 39.3 29.1 33.3 ng/l 
Perfluornonansyre (PFNA) < 10.0 < 10.0 12.2 28.0 16.8 23.0 ng/l 
Perfluoroktansyre (PFOA) < 10.0 < 10.0 20.8 51.2 60.3 58.6 ng/l 
Perfluoroktylsulfonat 
(PFOS) 
2670 4070 12700 19400 4970 5380 ng/l 
Perfluorpentansyre 
(PFPeA) 
< 10.0 < 10.0 43.0 133 203 170 ng/l 
Sum PFC forbindelser 
eksl. LOQ 
2670 4090 12900 20100 5640 6050 ng/l 
Sum PFC forbindelser 2810 4210 13000 20100 5680 6090 ng/l 
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inkl. LOQ 
Sum PFOS/PFOA eksl LOQ 2670 4070 12700 19400 5030 5440 ng/l 
Total PFOS/PFOA inkl 
LOQ 
2680 4080 12700 19400 5030 5440 ng/l 
 
Table 30 The concentrations of different elements and PFCs in the column experiment 
water five weeks after starting. 
Week 5 Evenes K-
1A-5 
Evenes K-
1B-5 
Evenes K-
3A-5 
Evenes K-
3B-5 
Evenes K-
4A-5 
Evenes K-
4B-5 
 
Alkalitet til pH 4,5 0.19 0.36 0.17 0.27 0.58 0.44 mmol/l 
Klorid (Cl) 0.62 0.58 0.81 0.79 0.73 0.82 mg/l 
Sulfat (SO4) 0.10 0.19 1.43 2.36 1.60 4.87 mg/l 
Fosfat (PO4-P) 2.5 2.8 8.3 2.8 2.4 <2 µg/l 
Nitrat (NO3-N) 3000 2400 3100 3800 3400 3700 µg/l 
Løst organisk karbon 
(DOC) 
5.9 5.8 4.2 9.0 6.6 8.7 mg/l 
Arsen (As) ICP-MS 0.17 0.18 0.50 0.59 1.2 1.2 µg/l 
Bly (Pb) ICP-MS 0.37 0.32 0.33 0.50 0.26 0.21 µg/l 
Kadmium (Cd) ICP-MS 0.0089 0.0064 0.0074 0.026 0.0068 0.0060 µg/l 
Kobber (Cu) ICP-MS 3.1 3.3 2.4 6.3 5.9 6.8 µg/l 
Krom (Cr) ICP-MS 0.64 0.62 0.54 1.0 0.42 0.34 µg/l 
Kvikksølv (Hg) 0.002 <0.001 0.002 <0.001 <0.001 <0.001 µg/l 
Nikkel (Ni) ICP-MS 0.73 0.79 0.25 <0.25 0.96 0.49 µg/l 
Sink (Zn) ICP-MS 44 30 74 33 28 27 µg/l 
Aluminium (Al) ICP-MS 110 100 150 190 58 110 µg/l 
Jern (Fe) ICP-MS 350 310 720 1200 120 200 µg/l 
Kalium (K) 2.5 2.8 1.8 3.2 1.5 1.3 mg/l 
Kalsium (Ca) 7.5 9.4 7.2 11 15 14 mg/l 
Magnesium (Mg) 0.50 0.65 0.53 0.58 1.4 1.2 mg/l 
Mangan (Mn) ICP-MS 5.8 8.7 31 68 1.7 2.5 µg/l 
Natrium (Na) 0.40 0.42 0.54 0.44 0.86 0.82 mg/l 
Silisium (Si) 460 520 600 740 610 700 µg/l 
6:2 
Fluortelomersulfonat 
(FTS) 
25.5 < 15.0 < 15.0 < 15.0 27.9 32.6 ng/l 
8:2 
Fluortelomersulfonat 
< 20.0 < 20.0 < 20.0 24.3 < 20.0 < 20.0 ng/l 
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(FTS) 
Perfluorbutansulfonat 
(PFBS) 
< 15.0 < 15.0 < 15.0 < 15.0 < 15.0 < 15.0 ng/l 
Perfluorbutansyre 
(PFBA) 
< 10.0 < 10.0 < 10.0 < 10.0 33.4 27.0 ng/l 
Perfluordekansyre 
(PFDA) 
< 10.0 < 10.0 < 10.0 < 10.0 < 10.0 < 10.0 ng/l 
Perfluorheksansulfonat 
(PFHxS) 
< 15.0 15.5 28.4 89.3 194 185 ng/l 
Perfluorheksansyre 
(PFHxA) 
< 10.0 < 10.0 < 10.0 32.2 63.2 58.1 ng/l 
Perfluorheptansyre 
(PFHpA) 
< 10.0 < 10.0 < 10.0 12.5 25.0 25.8 ng/l 
Perfluornonansyre 
(PFNA) 
< 10.0 < 10.0 < 10.0 12.3 17.2 19.1 ng/l 
Perfluoroktansyre 
(PFOA) 
< 10.0 < 10.0 < 10.0 19.0 53.2 47.9 ng/l 
Perfluoroktylsulfonat 
(PFOS) 
1610 2610 3150 10300 4810 5410 ng/l 
Perfluorpentansyre 
(PFPeA) 
< 10.0 < 10.0 11.9 43.6 170 130 ng/l 
Sum PFC forbindelser 
eksl. LOQ 
1640 2620 3190 10500 5390 5940 ng/l 
Sum PFC forbindelser 
inkl. LOQ 
1760 2740 3300 10600 5440 5980 ng/l 
Sum PFOS/PFOA eksl 
LOQ 
1610 2610 3150 10300 4860 5460 ng/l 
Total PFOS/PFOA inkl 
LOQ 
1620 2620 3160 10300 4860 5460 ng/l 
 
Table 31 Weekly measures of water leached (g), pH and EC. 
Column Water (g) pH  temp (pH) EC  temp (EC) RPM Date Dry 
Weight 
L/S 
1A 2701 7.85 18.9 389 19.4 1.75 41710 2686 1.0 
1B 2533 7.86 17.2 210 18.6 1.75 41710 2791 0.9 
3A 2660 7.57 17.3 294 18.1 1.75 41710 1694 1.6 
3B 2877 7.51 17.1 306 17.7 1.75 41710 1273 2.3 
4A 1000 7.55 17.4 437 18.1 1 41710 505 2.0 
4B 958 7.6 18 886 18.2 1 41710 274 3.5 
1A 2686 7.95 19.9 60.5 21.1 1.75 41717 2686 2.0 
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1B 2301 7.86 18.3 85.5 19.4 1.75 41717 2791 1.7 
3A 2563 7.71 17.7 78.4 18.2 1.75 41717 1694 3.1 
3B 2675 7.52 17.6 105.6 18.2 1.75 41717 1273 4.4 
4A 1152 7.59 18.1 158 18.6 1 41717 505 4.3 
4B 1094 7.52 18.3 292 18.9 1 41717 274 7.5 
1A 2554 7.57 18 54.4 17.1 1.75 41724 2686 3.0 
1B 2164 7.32 16.8 70.6 16.7 1.75 41724 2791 2.5 
3A 2493 7.2 16.5 62.9 16.8 1.75 41724 1694 4.6 
3B 2563 6.8 16.6 90.1 16.7 1.75 41724 1273 6.4 
4A 1044 6.97 17.4 113.3 17.6 1 41724 505 6.3 
4B 1049 7.18 17.9 164.8 18.4 1 41724 274 11.3 
1A 2505 7.45 19.4 59 19.7 1.75 41731 2686 3.9 
1B 2093 7.03 17.8 64.9 18.2 1.75 41731 2791 3.3 
3A 2412 6.71 17.6 62.7 18.3 1.75 41731 1694 6.0 
3B 2508 6.86 17.8 80 18.4 1.75 41731 1273 8.3 
4A 1022 7.11 17.9 97.4 18.3 1 41731 505 8.3 
4B 1044 6.83 17.8 117.3 18.3 1 41731 274 15.1 
1A 2494 7.76 18.8 49.4 19.8 1.75 41738 2686 4.8 
1B 2044 7.39 17.8 59.1 19 1.75 41738 2791 4.0 
3A 2360 7.24 17.7 88.9 18.4 1.75 41738 1694 7.4 
3B 2483 7.28 17.9 83.8 18.8 1.75 41738 1273 10.3 
4A 1000 7.25 17.5 50.3 18.4 1 41738 505 10.3 
4B 1029 6.96 18 69.8 18.3 1 41738 274 18.9 
 
Table 32 Calculations of different column parameters. 
Column EVE C-1A EVE C-1B EVE C-3A EVE C-3B EVE C-4A EVE C-4B 
Length 87 87 88 88 88 87.5 
Inside space on topp of column 37 29.5 32.5 35 45 48 
Inside space at bottom of column 5.5 6 6 6.3 8.5 8 
Column height lab (cm) 44.5 51.5 49.5 46.7 34.5 31.5 
Diameter 7 7 7 7 7 7 
Column volume (cm^3) 6850 7928 7620 7189 5311 4849 
Total weight of column (g) 7770 7785 7016 6627 6022 5261 
Weight of two plugs (g) 608 608 608 608 608 608 
Weight of empty column (g) 3680 3680 3680 3680 3680 3680 
Weight of wet soil (g) 3482 3497 2728 2339 1734 973 
Water content  0.30 0.25 0.61 0.84 2.43 2.55 
Weight of dry soil (g) 2686 2791 1694 1273 505 274 
Mineral bulk density (g/cm^3) 0.39 0.35 0.22 0.18 0.10 0.06 
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One pore volume (ml) 796 706 1034 1066 1229 699 
Porosity (%) 11.6 8.9 13.6 14.8 23.1 14.4 
10 pore volumes (ml) 34820.0 34970.0 27280.0 23390.0 17340.0 9730.0 
Pump speed (ml/d) 3675.3 4162.5 2215.7 1843.6 1185.4 1169.6 
Pump speed (ml/h) 153.1 173.4 92.3 76.8 49.4 48.7 
 
 
9.6 Appendix F: Mass balance at Evenes 
 
The assumption that all the water flowing though the area comes from precipitation is made. 
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The mass balance of the area of interest and long-term leaching there were calculated using these 
equations:  
 
Amount of peat in kg present within the basin: 
                                         
 
Amount of PFOS in kg present within the basin: 
                                                     
 
Annual leaching of PFOS from basin: 
  
    
    
                                                                
 
 
 
